
1988 HANFORD RIVERBANK SPRINGS 
CHARACTERIZATION REPORT 

R. L. Dirkes 

December 1990 

Prepared for 
the U.S. Department of Energy 
under Contract DE-AC06-76RLO 1830 

Pacific Northwest Laboratory 
Richland, Washington 99352 

00239 1& 

PNL--7500 

DE91 00576 9 



SUMMARY 

This report presents the results of a special study undertaken to char
acterize the riverbank springs (i.e., ground-water seepage) entering the 
Columbia River along the Hanford Site. Radiological and nonradiological 
analyses were performed. River water samples were also analyzed from 
upstream and downstream of the Site as well as from the inrnediate vicinity of 
the springs. In addition, irrigation return water and spring water entering 
the river along the shoreline opposite Hanford were analyzed. 

Hanford-origin contaminants were detect~d in spring water entering the 
Columbia River along the Hanford Site. The type and concentrations of con
taminants in the spring water were similar to those known to exist in the 
ground water near the river. The location and extent of the contaminated 
discharges compared favorably with recent ground-water reports and predic
tions. Spring discharge volumes remain very small relative to the flow of 
the Columbia. Downstream river sampling demonstrates the impact of ground
water discharges to be minimal, and negligible in most cases. 

Radion~clide concentrations were below U.S. Department of Energy Derived 
Con=entration Guides (DCGs) with the exception of 90sr near the 100-N Area. 
Tritium, while below the DCG, was detected at concentrations above the U.S. 
Environmental Protection Agency drinking water standards in several springs. 
All other radionuclide concentrations were below drinking water standards. 
Nonradiological contaminants were generally undetectable in the spring water. 
River water contaminant concentrations, outside of the immediate discharge 
zones, were below drinking water standards in all cases. 
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INTRODUCTION 

This report presents the results of a special study performed by the 
Surface Environmental Monitoring Project (SEMP) to investigate the radiologi
cal and nonradiological characteristics of the riverbank springs entering the 
Columbia River along the Hanford Site shoreline. The SEMP is conducted by 
Pacific Northwest Laboratory (PNL) for the U.S. Department of Energy (DOE). 

Routine SEMP monitoring activities provide a historical record of 
radionuclide concentrations and radiation levels attributable to natural 
causes, worldwide fallout, and Hanford Operations. Data are also collected 
to monitor levels of nonradiological contaminants at the Hanford Site and in 
the Columbia River. In addition to routine monitoring activities, special 
studies are also conducted periodically to enhance the understanding of 
specific aspects of the Hanford en¥ironment. · The special study described 
herein was performed during 1988 to supplement the routine monitoring program · 
and to follow up on previously conducted studies investigating similar envi
ronmental conditions. 

BACKGROUND INFORMATION 

The Hanford Site is located in southeastern Washington State, occupying 
an area of approximately 560 square miles. The Site lies approxima~ely 
170 miles southeast of Seattle, Washington, 125 miles southwest of Spokane, 
Washington, and 200 miles northeast of Portland, Oregon (Figure 1). The 
Columbia River flows through the northern portion of the Hanford Site and 
forms part of the Site's eastern boundary. The Rattlesnake Hills, with 
elevations in excess of 3200 feet, form part of the southern boundary of the 
Site. The Columbia River Basalt Group, the Ringold Formation, and a serie5 
of glaciofluvial sands and gravels known informally as the Hanford sediments 
are the predominant geological units. Both confined and unconfined aquifers 
exist beneath the Hanford Site. 

The Hanford Site was originally established in 1943 for the production 
of plutonium for use in nuclear weapons. As a result of operations at 
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Hanford, large volumes of wastewater were generated and discharged to the 
ground. The disposal of this liquid effluent to the ground has had a con
siderable impact on the ground water in the unconfined aquifer beneath the 
Site. Water levels have been influenced and the local flow patterns, gen
erally from the recharge areas in the west to the discharge areas (primarily 
the Columbia River) in the east, have been altered. Because of the continual 
variation in both the volumes and make-up of the wastewater, the movement of 
the ground water and its associated contaminants have changed with time. In 
addition, the discharge locations of the contaminated ground water into the 
Columbia River have expanded over time, encompassing a larger segment of the 

shoreline. 

The Ground-Water Protection and Monitoring Project (GWPMP), formerly the 
Hanford Ground-Water Surveillance Program, is responsible for monitoring the 
ground water beneath the Hanford Site. Monitoring is performed via a network 
of sampling wells located throughout the Site. Sample results are reported 
in a series of semi-annual and annual ground-water monitoring reports. 
Recently, the ground-water monitoring and surface environmental monitoring 
data have· been combined in a single Hanford Site environmental monitoring 
report (Price 1986). While this program has been primarily interested his 
torically in radioactive pollutants in the ground water, nonradiological 
contaminants have also been monitored during the past few years. In addition 
to the routine sitewide ground-water monitoring project, several hazardous 
waste ground-water monitoring compliance projects are ongoing at various 
locations on the Site that provide information relative to contaminant con
centrations in the ground water beneath the Site. Two such projects are 
presently being conducted in areas near the river, one in the !00-H Area and 
the other in the 300 Area. These projects provide extensive information 
about the contaminants in the ground water near the river along these areas 
(Schall a et al. 1988; Liikala et al. 1988). 

Monitoring data have shown several contaminants to be present in the 
ground water beneath waste disposal sites. The data also indicate that sev 
eral of these contaminants are mobile in the ground-water system and travel 
at various rates through the unconfined aquifer, eventually to discharge t o 
t he Columbia River. Estimates of ground-water contaminant travel times, made 
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since the early 1950s, were recently summarized by Freshley and Graham 
(1988). Tritium and nitrate are the primary constituents used in determining 
the extent of the contaminated ground water on the Hanford Site since they 
are present in easily measurable quantities and they move through the ground 
water virtually unimpeded. Figures 2 and 3 show tritium and nitrate concen
trations in the unconfined aquifer during 1988, illustrating the migration of 
contaminants aw~y from waste disposal areas. The primary areas where contam
inated ground water is discharging into the Columbia River are also evident 
in these figures. 

The SEMP is responsible for the monitoring of the surface water on and 
around the Hanford Site. Columbia River monitoring has been performed at 
Hanford since 1945, shortly after the startup of the original plutonium pro
duction reactors. Samples have been collected routinely from several loca
tions over the years, with the primary emphasis of the program focused on 
the evaluation of the potential dose to those persons using and/or consuming 
the river water. In addition, special studies have investigated the mixing 
characteristics of the river and the dispersion of contaminants entering the 
river along the Hanford Reach. The springs, or ground-water seepage, are 
also sampled periodically as part of the SEMP. 

The seepage of ground water into the Columbia River has been known to 
exist for many years. Spring discharges were documented along the Hanford 
Reach long before the startup of Hanford operations (Jenkins 1922). These 
relatively small springs flow intermittently, apparently influenced primarily 
by the changes in the river level. During periods of high river stage, the 
flow of ground water may be temporarily reversed with river water infiltrat
ing the riverbank (Raymond and Brown 1963). This phenomena, referred to as 
bank storage, is a key factor in sample collection and in data interpreta
tion. The interface between the ground water and the Columbia River is 
highly complex and not well defined. Seepage above the river level is con
sidered to be just a fraction of the total amount of ground water entering 
the river along the Hanford Reach. The exchange of ground-water contaminants 
at depth between the ground water and the river through submerged seepage is 
not well understood. 
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FIGURE 2. Tridum (3H) Concentrations in the Hanfo1·d Site Unconfined 
Aquifer in 1988 (Jaquish and Bryce 1989) 

The volume of the ground-water discharge to the river along the ent i re 
Hanford Reach has not been quantified . However , estimates of the ground 
water discharge in specific areas along the Site have been reported. Th e 
N-Springs , adjacent to the 100-N Area , discharged approximately 
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FIGURE 3. Nitrate (N03) Concentrations in the Hanford Site Unconfined 
Aquifer in 1988 (Jaquish and Bryce 1989) 

14,700,000 ft3 during 1987, or an average flowrate over the year of approxi 
mately 0.5 ft3/s (Rokkan 1988) . The contaminatr.d ground-water di5charge to 
the river near the Hanford Townsite , as a result of past w~ste disposal 
practices in the 200 Areas , has been estimated to be approx imately 3.0 ft 3;s 
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(Cline et al. 1985). These two areas, 100-N Area and the Hanford Townsite, 
have been identified as major discharge zones for contaminated Hanford ground 
water. Based on these estimates, it is apparent that the total flow of 
ground water into the Columbia River is very small when compared to the flow 
of the Columbia River. Recent annual average river flow rates have ranged 
from 100,000 to 120,000 ft3/s . The long-term average annual flow at Priest 
Rapids Dam, based on 66 years of record, is 120,000 ft3/s (McGavock et ~l . 
1987). 

Ground-water discharges along the Hanford Reach of the Columbia River 
have been monitored since the mid-1960s. Springs in the vicinity of the 
300-Area retention basin and sewage leaching trenches were routinely sampled 
and analyzed for various biological, chemical, and radiological parameters. 
Springs along the 100-N Area, resulting from liquid waste disposal practices, 
have been, and are today, monitored routinely (Rokkan 1988). 

In addition, special studies of ground-water discharges have been con
ducted periodically. The latest of these special studies was conducted in 
1982 and 1983 (McCormack and Carlile 1984). This study covered approxi~ately 
41 miles of Hanford Site shoreline, identifying 115 springs or seepage areas. 
During this study, the constituents used as indicators of contaminated ground 
water were tritium and nitrate because of their predominance in much of the 
Hanford ground water. Uranium analyses were substituted in place of tritium 
on samples collected near the 300 Area where uranium is a primary constituent 
in the ground water. In addition to these analyses, a few samples were 
selected for thP. analysis of 90sr, 99Tc, and gross beta. The McCormack and 
Carlile (1984) study confirmed areas of contaminated ground-water entry into 
the Columbia River and documented contaminant concentrations similar to the 
local ground water in the riverbank spring water. 

Numerous attempts to sample the riverbank springs have been made since 
the McCormack and Carlile (1984) study. A cooperative sampling program was 
initiated in 1984 that concentrated its effort on the Columbia River and the 
ground-water seepage entering the river along the Hanford Reach . A few 
springs have been sampled consistently over the years as a result of this 
program . This program is an ongoing effort presently involving the state of 
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Washington, . the state of Oregon, the U.S. Environmental Protection Agency 
(EPA), the Washington Public Power Supply System, SEARCH, Inc., and the DOE, 
represented by PNL. When and where sample collection was successful, sample 
results obtained as a result of this program have generally been in good 
agreement with previous observations and provide additional background 
information concerning the concentrations of various radionuclides in the 
ground-water discharges (Jaquish et al. 1987). 
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SPRING CHARACTERIZATION STUDY DESCRIPTION 

The FY 1988 Project Management Plan (PMP} for the SEMP included a 
special study to characterize the riverbank springs along the Hanford Site 
shoreline. The objectives of the Spring Characterization Study were to 
monitor the discharges along the Hanford Reach shoreline for radiological and 
nonradiological constituents and define points suitable for the establishment 
of permanent, routine spring sampling locations. 

Identification of previously documented spring locations was not 
included in the scope of this study. Also excluded from the scope of the 
Spring Characterization Study, as was the case in the McCormack and Carlile 
(1984} study, were investigations of ground-water discharges as a function of 
time or as related to the flow rate of the Columbia River. No attempt was 
made to quantify the amount of ground water entering the river via the 
springs during this effort. The primary elements of the Spring Characteri
zation Study were 

follow-up and expansion of th~ McCormack and Carlile (1984} study 

• screening of radiologically contaminated ground-water plumes for 
nonrJdiological parameters 

• identification of permanent sampling locations 

• identification of future needs relating to the ground-water/river 
system. 

Past 5tudies have provided significant background ;,,formation concerning 
the concentrations of certain ccntaminants entering the river through the 
discharge of contaminated ground ~ater. The current effort was intended to 
follow-up and expand on the information previously obtained. As such, sample 
location and analysis combinations were selected to allow for comparisons of 
present radionuclide concentrations with those observed in the past. Similar 
locations and analysis were included to determine if significant increases or 
decreases in contaminant concentrations were apparent. Other location/ 
analysis combinations were requested to determine what other, ;f any, con
taminants were entering the river through ground water and to define the 
extent and locat ion of the ground-water plumes entering the river . 
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Also included in this study-were the sampling and analysis of irrigation 
returns ar.d springs along the Franklin County shoreline to identify poten
tially significant sources of contaminants not associated with Hanford opera
tions entering the river along the Ha"ford Reach. 

A notable change in this study versus the previous spring study is the 
expansion of analysis to incl~de an extensive number of nonradiological 
parameters. This provides much-needed background information regarding the 
discharge of nonradiological contaminants into the river that can be used by 
others in future ground- and surface-water monitoring activiti~s as well as 
in the development and implementation of Resource Conservation and Recovery 
Act (RCRA) feasibility investigation/corrective measures studies (RFI/CMS) 
and Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA) remedial investigations and feasibility studies (RI/FS). The 
inclusion of nonradiological analysis also provides some verification of 
observations and predictions of the ground-water monitoring projects relative 
to contaminants in ground water near the Columbia River shoreline. 

Specific sample locations will be identified as part of this task and 
incorporated into the routine SEHP sampling schedule. In the future, infor
mation on specific ground-water plumes will be obtained from a specific 
spring or springs over time to provide time-series information relative to 
both the flow of the spring and the contaminant concentrations in the spring 
water when the discharge is active. Routine monitoring of the ground-water 
discharges into the Columbia River will also provide a degree of public · 
assurance in the surveillance activities in that a visible, albeit small, 
transport pathway is not being ignored. 

The final element of this task is intended to identify future needs or 
activities that would further enhance our understanding of the ground-water 
discharges, the interaction between these and the river, and the transport 
and fate of the contaminants entering the river via this pathway. In addi
tion, better understanding of the ground-water/spring/river interactions may 
lead to improved ri~er monitoring system design and allow for more complete 
and accurate data evaluation and ir.terpretation of current river monitoring 
results. 
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SAMPLING PLAN 

Figure 4 illustrates the extent of the study area. Hanford River Miles 
(HRMs) shown on this figure are approximate, starting from the Vernita Bridge 
and progressing 44 miles downstream at approximately I-mile interval~ to a 
point about 1 mile downstream of the 300 Area. HRM markers have been placed 
along the river, providing a field reference point for river-related activi
ties and future relocation of specific springs . 

Table A.I, Appendix A, provides the spring sample locations identified 
for the FY 1988 Spring Characterization Study. The locations are defined by 
HRM, the operational area being monitored, and the spring number, as defined 
in the McCormack and Carlile (1984) study. Locations were selected to be 
consistent, to the extent possible, with the McCormack and Carlile (1984) 
study to allow for meaningful comparisons and to maximize the opportunity to 
relocate springs with a flow adequate for the collection of a sample. The 
selected sample locations included springs identified as having "moderate" or 
"good" flows in the McCormack and Carlile (1984) study at locations just 
upstream, within, or just downstream of areas with elevated contaminant con
centrations. Experience has shown that sampling attempts are not always 
successful. Therefore, multiple sites (backup sampling locations) along each 
operating area or point of contaminated ground-water entry were identified in 
an effort to obtain at least one meaningful sample from each area. Sampling 
activities were scheduled to coincide with low river flows, to the extent 
possible, to maximize the chances of finding the springs flowing and obtain
ing a sample. 

In addition, those sites at which near-shore river water samples were 
scheduled are identified in Table A.I. Near-shore river water samples were 
collected within 5 feet of the shoreline and irrrnediately downstream of the 
actively flowing springs. As such, results of near-shore river water samples 
provide information concerning the localized influence of the seepage an~ are 
not representative of average river concentrations. River water samples were 
also collected from the SEMP Columbia River monitoring stations located at 
Priest Rapids Dam and the Richland Pumphouse. These samples were obtained 
from the routine samplfng systems. 
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Water sample locations were also identified on the Franklin County side 
of the Columbia River (opposite Hanford). These samples were collected from 
two irrigation canal returns and from a spring en~ering the river as a result 
of extensive irrigation practices east of the river. Results of these sam
ples provide insight on potential sources of contaminants entering the river 
not associated with Hanford operations, and allow for better interpretation 
of results obtained from river samples collected downstream. 

SAMPLE COLLECTION AND ANALYSIS 

Sample collection methods were consistent at all locations rxcept for 
the need to "improve" those sites where the spring flow was ve~1 1ow and/or 
extremely shallow. These sites were deepened to allow for the collection of 
the spring water without disturbing the sediments. All suspended material 
was allowed to clear from the modified springs before collection of the 
sample. Care was taken to ensure the spring flow was not interrupted, 
reversed, or otherwise modified in such a manner that could influence the 
sample results. 

A small hand suction pump was used to transfer the water from the 
springs to the sample containers. The pump was thoroughly rinsed before and 
following sample collection at each site. In addition, the pump was flushed 
with spring water at each site before sample collection to avoid cross 
contamination between samples. Flushing the pump also served to purge the 
spring sampling area, providing fresh spring water for sample collection. 
Use of the hand pump eliminated the disturbance and inadvertent collection of 
sediment material and minimized or eliminated aeration of the sample during 
the collection process, which is critical in the sampling and analysis of 
numerous nonradiological parameters. 

Samples of river water, where specified, were collected immediately 
downstream of the spring entry point using methods similar to those described 
for the collection of spring samples. Water was collected within 2 to 5 feet 
of the shore1ine at approximately mid-depth. Care was taken to dVJid stag
nant areas along the shoreline to the extent possible and collect the near
shore river samples in flowing water. 
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The analyses performed on each sample are identified in Table A.1, 
Appendix A. As with the selection of sample locations, analyses were chosen 
to allow for comparison with previous results on spring samples and local 
ground-water monitoring results. In addition, analyses were expanded at 
several locations to determine what additional contaminants are present in 
~he spring water entering the river and provide background information 
concerning the concentrations of these contam.ir.ants. Radiological analyses 
are listed as a specific anaiysis except in the case of the gamma scan, which 
provides concentrations of a number of gamma-emitting radionuclides including 
60Co, 106Ru, 125Sb, 134Cs, and 137cs, as well as several others. At a mini
mum, all spring water samples received analysis for gross alpha, gross beta, 
gamma scan, tritium, and nitrate (included in the 735 and 9905 codes). 

Nonradiological analyses are listed as laboratory codes (735 and 9905) 
in Table A.l, Appendix A. The 735 code provides for the determination of 
common anions such as chloride, fluoride, nitrate, phosphate, and sulphate 
using ion chromatography (IC). The 9905 code is made up of an extensive 
set of lists for various types of analyses. The 9905 code includes the 
dangerous waste constituents as identified by the st~te of Washington in 
WAC 173-303-9905 (Washington State Department of Ecology 1986). Analysis of 
the entire 9905 list provides a screening mechanism on the spring discharges, 
ensuring that potential contaminants are not being overlooked. The 9905 code 
includes analysis for the ICP metals, enhanced thiourea, enhanced pesticides, 
volatile organic compounds, phosphorous pesticides, direct aqueous injection 
analysis, enhanced herbicides, IC Report, PCB analysis, arsenic, mercury, 
selenium, thallium, lead, total organic carbon (TOC), cyanide, perchlorate, 
sulfide, ammonium ion, ethylene glycol, citrus red, total carbon (TC), and 
total organic halogen (TOX). Table A.2, Appendix A, lists the specific 
nonradiological parameters included in the 9905 (including 735) analytical 
code. As is evident in Tabl·e A.2, Appendix A, those samples for which the 
9905 list was requested received an extensive screening for nonradiological 
contaminants. Because of the relatively high cost of analysis for the entire 
9905 list, the number of samples analyzed for the entire list was minimal, 
and locations were selected in areas of known contamination to maximize the 
amount of useful information obtained. 
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All sample analyses, radiological and nonradiological, were performed by 
United States Testing Company (UST). All analytical procedures were the same 
as those used for the routine SEMP and GWPMP samples. An extensive Quality 
Assurance (QA) program is required for the SEMP and GWPMP that documents 
typical lab performance for the analysis performed (Jaquish and Bryce 1989). 
Detection levels for the various nonradiological constituents are included in 
Table A.2, A~pendix A. 

The type of sample container varied widely, depending on the analyses to 
be performed. Multiple sample containers wer~ required at all sample loca
tions. The bottle size, bottle type, method of sample preservation, and 
special handling requirements were dependent on the specific analysis per
formed. Table A.3, Appendix A, provides the type of sample container and 
sample preservation requirements for each group of analysis. 

Nonradiological samples were stored in ic~-filled coolers, as appropri
ate, and transported to the labor;Jtory as soon as possible following sample 
collection . Samples to be analyzed for radiological constituents, while not 
having special preservation or handling requirements, were also transported 
to the laboratory as soon as practical following sample collection. In all 
cases, samples were delivered to the lab the same day tltey were collected. 



RESULTS AND DISCUSSION 

Samples were collected from 18 springs between HRM 2 and HRM 44 during 
1988 as part of the Spring Characterization Study. Samples were obtained 
from the river along the 100-8, 100-N, 100-D, 100-H, and 300 Areas. In 
addition, springs were sampled that are associated with the contaminated 
ground-water plume originating beneath the 200 Areas, which enters the river 
between approximately HRM 27 {Hanford Townsite) and HRM 40. Samples were 
also collected upstream of all past operating areas near HRM 2.5 and down
stream of all facilities at approximately HRM 43.8. 

Samples were not obtained at all sites identified in the sampling plan. 
Locations successfully sampled during 1988 are identified in Table 8.1, 
Appendix 8. Attempts to collect samples along the 100-K and 100-F Areas were 
unsuccessful. In addition, several back-up sitP.s were not sampled. A mini
mum of three sampling attempts were made at each specific site. River flow 
rates during these attempts were at levels conducive to active spring flow. 
This is supported by the fact that nearby springs were actively flowing and 
successfully sampled during the same day, sometimes minutes apart. This may 
be a result of changing flow patterns in the local ground water or perhaps 
reflect seasonal variances in flow patterns similar to those identified in 
the 300 Area (Schalla et al. 1988). Table 8.2, Appendix 8, provides the 
river flow rates at Priest Rapids Dam during the periods of sample collec
tion. Daily average flow rates are provided for 2 days before sampling, the 
day of sample collection, and the day following sampling. 

In addition to sampling the springs themselves, near-shore river water 
samples were collected at actively flowing spring locations along the 100-N, 
100-H, and 300 Areas as well as along the Hanford Townsite. As previously 
discussed, these samples were in~ended to maximize the localized influence of 
the seepage and are not intended to be representative of the average river 
conditions. River water samples wete also collected as planned from the 
routine SEMP Columbia River monitoring stations located at Priest Rapids Dam 
and the Richland Pumphouse. These samples were obtained from the routine 
water sampling system intakes to provide some indication of the concentra
tions present in the river at these locations during the spring sampling. As 
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scheduled, ~ater samples were also collected from two irrigation water return 
canals and a seepage area on the Franklin County shoreline along the Hanford 
Site. 

As indicated in the initial sampling plan (Table A.l, Appendix A), all 
the spring samples collected were analyzed for gross alpha, gross beta, gamma 
scan, tritium, and nitrate. Selected samples received additional radiochem
ical analyses depending on their locations. Individual samples from the 
100-N, 100-H, and 300 Areas as well as from the Hanford Townsite area 
(200-Areas ground-water plume) received the extensive 9905 screening list of 
nonradiological analyses in addition to the radiological analysis. In addi
tion, Columbia River water samples collected at Priest Rapids Dam and the 
Richland Pumphouse were analyzed for the entire list of nonradiological 
constituents. Similarly, the spring and irrigation return water samples 
collected from the Franklin County side of the river also received these 
analyses. 

Background river concentrations are of interest in evaluating the effect 
of the discharge of ground water into the river along the Hanford Site. 
Background river concentrations are defined as those levels observed upstream 
of Hanford at Priest Rapids Dam or Vernita Bridge. Tables B.3 and B.4, 
Appendix B, provide background river concentrations for several radiological 
and nonradiological parameters. For those constituents where data were not 
available, values observed in the Priest Rapids Dam river water sample col
lected as part of this study are used. 

Background concentrations for several contaminants in ground water have 
been estimated and are presented in Table B.5, Appendix B (Evans et al. 
1989a and 1989b). The estimates of background contaminant concentrations 
were based on samples collected from areas not affected by Hanford 
operations. Since the spring water is ground water emanating from the 
riverbank and flowing into the river, ground-water background concentrations 
are appropriate for comparison. In some cases, background concentrations 
have apparently not been estimated, making comparisons with the spring 
sampling data difficult. 
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Radiological and nonradiological analytical results are presented in 
Tables B.6 and B.7; Appendix B, respectively. In general, the concentrations 
of those constituents for which previous data exist were similar during 1988 
to those previously documented. In addition, contaminant concentrations 
found in the spring water were generally at or below those known to exist in 
the local ground water. Contaminant concentrations in near-shore river water 
samples were indicative of the localized effect of the discharge of contami
nated ground water into the river. Specific results are discussed in more 
detail in the following subsections. 

100-B AREA 

The 100-B Area has not been identified as an area of extensive ground
water discharge to the Columbia River, although several springs have been 
documented along the shoreline that contained elevated levels of tritium and 
nitrate. Only one active spring was found in the vicinity of the 100-B Area 
during the 1988 sampling activities. This spring was located just upstream 
of the 181-B Water Intake at about HRM 3.75. Spring locations downstream of 
the water intake, identified in previous studies, were visited on several 
occasions; however, no flow was present. Tritium and nitrate concentrations 
observed during 1908 in the spring water (1100 pCi/L and 6700 ppb, respec
tively) were similar to those observed in 1982 and slightly lower than those 
present in the local ground water during 1988 (McCormack and Carlile 1984; 
Evans et al. 1989a and 1989b). 

100-K AREA 

As in the case of the 100-B Area, the 100-K Area is not considered a 
major source of ground-water discharge to the Columbia River. Several spring 
locations were identified during 1982 shoreline inspections (McCormack and 
Carlile 1984). No spring flow was observed during any of the three attempts 
to collect samples from the 100-K Area. 

19 



100-N AREA 

The 100-N Area shoreline has been identified as a major ground-water 
discharge area containing elevated levels of several radionuclides and 
nitrate. The N8T Monitoring Well, operated by Westinghouse Hanford Company, 
provides a reliable method for the collection of ground water that is repre
sentative of the spring water under most conditions. This well is located 
very near the river and is sampled routinely by Westinghouse Hanford Company 
as a record of the discharge via the springs from the 100-N Area (Rokkan 
1988}. Active springs were not observed in the immediate vicinity of the 
monitoring well during the sampling efforts, although they are known to flow 
periodically in this region. Large boulders placed along the shoreline 
hinder the location and sampling of springs that may be present in the area. 
An additional spring was located and sampled downstream of the riprap. This 
spring has shown increased flows since the closure of the 1301-N Liquid Waste 
Disposal Facility (LWDF} and startup of the 1325-N LWDF. 

Radionuclide concentrations in the 100-N Area springs were similar to 
those observed in the past and were indicative of the local ground water. 
Table 1 presents the radionuclide concentrations observed in the springs and 
the 100-N Area ground water during 1988. Gross beta, tritium, 60co, 90sr, 
and 125sb are present at elevated levels in the spring water, well above 
background river water concentrations (Table 8.3); however, the concentra
tions are ~ithin the range of values observed in the local ground water. Of 
these, gross beta, tritium, and 90sr are above the applicable drinking water 
standard (DWS}. The 90sr concentration is above the DOE Derived Concentra
tion Guide. Gross beta and 90sr discharges to the river via the 1301-N LWDF 
and associated springs have decreased during recent years, primarily as a 
result of the smaller volumes of water being discharged into the LWDF (Rokkan 
1988}. However, as shown in Table 2, the concentrations of these constitu
ents in the N8T Monitoring Well water have not shown a decrease. This is 
probably due to the inventory of 90sr remaining in the soil column as a 
result of past effluent disposal practices . 

Extensive nonradiological analyses were performed on the Sdmple col
lected from the N8T Monitoring Well. In most instances, nonradiologica1 
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TABLE 1. Contaminant Concentrations in Spring and Ground Water 
Along the 100-N Area Shoreline During 1988 

Concentrationi gCiLL 

Ground Water(a) 
Sgring Water 

Radionuclide Date HRM 8.9 HRM 9.5 
Gross Alpha 3.07 ± 2.38 9/06/88 0.55 ± 0.61 0.37 ± 0.46 

9/13/88 0.0004 ± 0. 28 Ns(b) 

Gross Beta 40,800 ± 1,110 9/06/88 B,800 ± 100 74 ± 8 
9/15/88 10,800 ± 296 NS 

Tritium 459,000 ± 2,210 9/06/88 74,000 ± 700 111,000 ± 870 
9/15/88 75,800 ± 908 NS 

90sr 13,800 ± 262 9/06/88 6,680 ± 260 0.31 ± 0.09 
9/15/88 7,270 ± 192 NS 

60co 128 ± 24 9/06/88 45.0 ± 4. 5 30.0 ± 4.0 
9/15/88 53.4 ± 19.4 NS 

106Ru 116 ± 67.3 9/06/88 8.9 ± 11.4 13 . 5 ± 14.6 

9/15/88 12.6 ± 71.2 NS 
125sb 108 .00 ± 47.50 9/06/88 43 . 1 ± 6.4 ND(c) 

9/15/88 ND NS 
137cs 6.01 ± 4.79 9/06/88 -0.2 ± 1.0 0.4 ± 1.1 

9/15/88 -0.4 ± ~.4 NS 

N03 67,100 ppb 9/06/88 NA(d J NA 
9/15/88 28,630 ppb NS 

(a) Maximum reported value from any one well in the general area during 1988. 
(b) NS • Not sampled . 
(c) ND • Not detected. 
(d) NA• Not analyzed. 

TABLE 2. Selec~ed Contaminants in 100-N Area Spring Water 1986 through 1988 

Concentration 2 gCiLL(a) 

Year Beta 3H 60co . 90sr NOJ 
1986 9,120 ± 610 65,100 ± 800 68 ± 10 6,060 ± 370 9.5 mg/l 
1987 10,500 ± 350 84,300 ± 1,120 98 ± 30 5,830 ± 380 
1988 13,800 ± 110 74,000 ± 730 45 ± 5 6,680 ± 260 

(a) The maximum concentration is reported for those years having more than 
one sample collected . 
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contaminant concentrations were below detection levels. When detectable, 
contaminant concentrations were generally at or below the estimated back
ground levels for Hanford ground water. Nitrates were observed at elevated 
levels, consistent with past ground-water monitoring and spring sampling 
results. The concentration of nitrate in the spring samples was well above 
those typical of the river water, but below the OWS in all cases. 

100-0 AREA 

The 100-0 Area has not been identified as a major ground-water rlischarge 
source directly to the river. Predominant ground-water flow in this region 
is to the east-northeast, across the northernmost tip of the Hanford Site. 
One spring was identified along the 100-0 Area at HRM 11 during the McCormack 
and Carlile (1984) study. This spring was located and successfully sampled 
during 1988. Concentrations of tritium and N03 found in 1988 were similar to 
those observed in 1982 (McCormack and Carlile 1984). The concentration of 
tritium was below the analytical detection level, well below the OWS of 
20,000 pCi/L. Nitrate levels were also well below the OWS and lower than 
those observed in the nearby ground water. The concentration of 90sr was 
elevated with respect to river levels. However, it remained below the 
8 pCi/L OWS and was lower than the maximum observation made in the local 
ground water during the first half of 1988 (Evans et al. 1989b). 

100-H AREA 

Springs identified along the 100-H Area during the 1982 shoreline 
seepage investigation were generally not flowing during the 1988 sampling 
attempts. Samples were successfully obtained on two occasions from a small 
spring at HRM 15. The first sample was collected during July and the second 
in September. Results from the two samples varied considerably, particularly 
in the case of tritium. This is believed to be a result of the influence of 
river water on the spring water compositio~ during the second sampling. It 
was apparent that the river level had been rather high a short time before 
sampling. Therefore, it is probable that the water sampled was a mixture of 
river water and ground water. 
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Results of spring and ground-wate, samples collected along the 100-H 

Area during 1988 are included in Table 3. Tritium concentrations in the 
springs during the first sampling (2520 ± 220 pCi/L) were considerably higher 
than those found later in the year (550 ± 180 pCi/L). Nitrate levels were 
also lower in the September sample than they were in July (less than 500 ppb 
and 2700 ppb, respectively), similar to those observed in the river, further 
supporting the idea that the sample in September was composed primarily of 
river water. These . concentrations were, however, similar to those observed 
in nearby springs during earlier studie5 and below those typically observed 
in the local ground water (McCormack and Carlile 1984; Evans et al. 1989a and 
1989b). 

Results of the extensive nonradiological analysis performed on the 
sample collected during September revealed concentrations similar to back 
ground levels in those few cases where the constituents were above the ana
lytical detection level. The 100-H Area is known to have elevated levels 

TABLE 3. Selected Radionuclide Concentrations in Spring and Ground 
Water Along the 100-H Shoreline During 1988 

Concentration1 ~CiLL 

Ground Water(a) 
S~ring Water HRM 15.0 

Radionuclide 9-12-88 7-11-gj 
Gross Alpha 1230 0.30 ± 0.35 NA( 
Gross Beta 1920 1.63 ± 1.27 NA 
3H 5550 545 ± 178 2520 ± 220 
60co 6.08 -0.55 ± 1. 92 0.9 ± 1.8 
90sr 10.30 NA 0.2 ± 0. 1 
99rc 3835 NA NA 
106Ru NR(c} -1.69 ± 20.1 17 ± 15 
125sb NR NR NR 
137cs NR -0.94 ± 1.62 -1. 1 ± 1. 7 
U Total 166 0.12 ± 0.06 NA 

(a) Maximum reported value from any one well in the general area during 
1988. Uncertainty terms associated with results not reported . 

(b) NA= Not analyzed. 
(c) NR = Not reported . 
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{above DWS) of chromium in the ground water (Liikalla 1988); however, no 

evidence of chromium was detected in the spring sample. The apparent pres

ence of river water in the spring water at the time of sampling may have 

diluted the chromium to less than the detectable level. In addition, exami
nation of the chromium plume in the 100-H Area ground water indicates that 
the chromium may be entering the river downstream of the spring that was 
sampled during 1988. Inspection of the shoreline downstream of HRH 15 in 
areas of previously identified seepage failed to locate any active springs 

during tha 1988 sampling attempts. 

100-F AREA 

No active seepage areas were located during several shoreline inspec

tions along the 100-F Area. Two springs were documented along the 100-F Area 
{HRH 18.5 to HRH 20) during earlier investigations (McCormack and Carlile 
1984). Three attempts to locate these springs in these areas during 1988 
were unsuccessful. 

300 AREA 

Seepage of the contaminated 300-Area ground water is of particular 

interest because of its proximity to drinking water supply intakes. The 

300-Area water system intake is located directly downstream of active seepage 
areas and within the contaminated ground-water plume as identified in recent 
ground-water monitoring reports (Schall a et al. 1988; Jaquish and Bryce 
1989). In addition, the city of Richland withdraws river water for its water 
supply approximately 5 miles downstream of the 300 Area. Richland is the 
nearest community downstream of Hanford using the Columbia River as its 
drinking water source. 

The 300 Area is also the focus of ongoing Hazardous Waste Ground-Water 
Monitoring Compliance Program characterization studies. Initiated in 1985 

and expanded in 1986, this effort has provided an extensive amount of 
information relative to the hydrogeology and contaminant history of the 300 
Area. Host recently, PNL-6716, Interim Characterization Report for the 300 
Area Proce~s Trenches (Schalla et al. 1988), was issued, providing the basis 
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for comparisons of the concentrations observed in the riverbank spring water 
with the local ground water. 

Table 4 presents the radionuclide concentrations in spring and ground 
water along the 300 Area shoreline during 1988. The concentrations were 
similar to those found during earlier years. As expected, the gross alpha, 
gross beta, 234u, 235u, and 238u concentrations were elevated with respect to 
river concentrations and similar to those reported in the ground water 
beneath the 300 Area (Schalla et al. 1988). Concentrations of other radio
isotopes were below the analytical detection levels. 

One of the springs along the 300 Area (Spring 42-2, HRM 42.1) has been 
sampled routinely over the years as part of the cooperative radiochemical 
laboratory intercomparison effort previously discussed. Results of samples 
collected from Spring 42-2 during recent years have shown relatively good 
agreement and are comparable with those observed in the local ground water. 

TABLE 4. Selected Radionuclide Concentrations in Spring and Ground 
Water Along the 300 Area Shoreline During 1988 

Concentration 1 QCiLL 

Ground Water(a) 
SQring Wat~r 

Radionuclide HRH 42 . 1 HRH 42.3 
Gross Alpha 115 ± 7.6 8.0 ± 1.5 6.5 ± 1. 4 
Gross Beta 67.6 ± 7.69 11.6 ± 3.3 9.8 ± 2.2 
Tritium 5940 ± 291 346 ± 172 283 ± 170 
60co 7.68 ± 7.05 0.25 ± 0.80 1.6 ± 2.2 
90sr 7 .29 ± 1.54 0.16 ± 0.07 NA(b) 

99Tc 214 ± 2.9 NA NA 
137cs 8.25 ± 6.37 0.40 ± 0.60 -0.36 ± 2.C8 
234u 21. 2 ± 0.4 4.5 ± 0.2 3.48 ± 0 .18 
235u 0.84 ± 0.08 0.36 ± 0.06 0.24 ± 0.05 
238u 20.8 + 0.4 4.6 ± 0.2 3.00 ± 0 .17 
U Total 101 ± 5 9.5 ± 0.4 6.7 + 0.4 

(a) Maximum reported value from any one well in the general area 
during 1988. 

(b) NA= Not analyzed . 

25 



Spring 42-2 samples were analyzed for nonradiological pollutants during 
the 1988 study. Results of this sampling revealed elevated concentrations 
(with respect to background ground-water concentrations) of ch1oroform, 
copper, nitrate, and zinc in the spring water. All of these contaminants 
have been identified as being present in the local ground water (Schalla 
et al. 1988). Table 5 provides the concentrations of these constituents in 
the spring water and in the local ground water during 1988. Nitrates were at 
concentrations similar to those previously experienced in the springs and 
known to exist in the ground water. The concentrations of copper and zinc 
were well within the range reported in the local ground water. Fluoride, 
present in the ground water at elevated levels in some locations, was not 
detected in the spring water samples. 

Chloroform has been documented to be present in the ground water beneath 
the 300 Area (Schalla et al. 1988). The concentrations of chloroform 
observed in the spring water during 1988 were similar to those found in the 
local ground water (Schalla et al. 1988; Evans et al. 1989a and 1989b). 
Concentrations of other organic contaminants identified in the ground water, 
such as methylene chloride, PCE, TCE, 1,1,1-trichloroethane, and trans-
1,2-dichloroethylene were not detected in the 1988 spring samples. Of these, 
methylene chloride, PCE, TCE, and 1,1,1-trichloroethane have been only 
sporadically detected in a few locations and would not be expected at 
detectable levels in the spring water. Trans-1,2-dichloroethylene, 

TABLE 5. SP.lected Nonradiological Contaminants in Spring 
and Ground Water Along the 300 Area Shorel ine 

Concentration, eeb 
sring Water 

Co~tcuili nant Ground Water HRM 4 .1 HRM 42.3 

N03 66,800 1,699 9,183 
Chloroform 42 24 19 
Zinc 232 23 10 
Copper 70 34 <10 

(a) Maximum reported value from any one well in 
the general area during 1988. 
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consistently found at relatively high levels, has been detected primarily in 

the intermediate and deep wells (Schall a et al. 1988). Consequently, this 
contaminant may be entering the river through submerged seepage, consistent 
with typical ground-water flow patterns (Raymond and Brown 1963}. 

HANFORD TOWNSITE (200-AREAS GROUND-WATER PLUMti 

The 200-Areas contaminated ground-water plume has long been identified 
as generally flowing from the 200 Areas in a easterly/southeasterly direc
tion, discharging into the Columbia River in the vicinity and downstream of 

the old Hanford Townsite (Figures 2 and 3). Primary contaminants present in 
the ground water near the river are tritium, 1291, and nitrate (Jaquish and 
Bryce 1989). Technetium-99 was also identified in springs sampled along this 
stretch of the river (McCormack and Carlile 1984). Other studies have impli
cated the possible presence of 60co and 90sr in the ground water along the 
Hanford Townsite (Buske and Josephson 1989). Analytical methods used in the 
routine ground-water monitoring program and for special SEMP samples typi
cally are not sensitive enough to detect these radionuclides at their 
extremely low concentrations. 

Table 6 contains the concentrations of selected radionuclides in the 
spring and ground water along the old Hanford Townsite during 1988. Radio
nuclide concentrations observed during the year were generally similar to 
those previously reported (McCormack and Carlile 1984). Radionuclide con
centrations in the springs were also comparable with those in the nearby 

ground water (Evans et al. 1989a and 1989b). It appears that the highest 
concentrations in the plume discharge zone remain at approximately HRM 28. 

A notable difference between earlier investigations ~nd the present 

study was the southern extent of the contaminated spri~gs associated with the 
contaminated 200-Areas ground-water plume. Consistent with the findings of 
the GWPMP, the southern ~xtent of the plume reaches nearly to the northern 
border of the 300 Area. Table 7 lists the tritium concentrations in spring 
water from the northern edge of the 200-Areas ground-water plume to the 
southern boundary of the Hanford Site (also see Figure 5). 
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TABLE 6. Selected Radionuclide Concentrations in Spring and Ground 
Water Along the Hanford Townsite During 1988 

Concentrat i on, 1,!!;il~ 

!iroud llater<a> 
s12ri!:!9 IJater 

Radlon,c! I~ HRM 25 . 75 HRH 27.25 HRH V.5 HRM 28, 1 

Gross Alpha 4. 1 ! 0.9 NA(b) 2.5 ! 2.1 2 . 1 ! 1.0 . 2.3 ! 1.1 

Gross Beta 69. 9 ! 5.78 NA 4.3 ! 4.1 14.2 ! 2.7 48 ! 5 
3H 246,000 ! 1,610 264 ! 169 7,420 ! 'Z96 72,000 ! 890 155,000 ! 1,290 
60co 14. 7 ! 8.15 -0.08 ! 1.2 NA 1.1 ! 3.7 
90sr NR(e) NA NA -0.07 ! 0.33 
99re 350 ! 4 NA NA 48 ! 2 
137es NR 0.4 ! 1.4 NA 0.6 ! 2.8 

(1) Maxi- reported value frc. ·any one well in the general area cu-Ing 1988. 
(b) NA• Not arwlyzed. 
(e) Ill• Not reported. 

4.7 ! 4.8 

0 . 07 ! 0.3 

223 ! 3 

-3.7 ! 3.3 

HRH 28,~ 

1.5 ! 0 . 9 

45 ! 5 

145,000 ! 1,250 

2.8 ! 3.2 

0.0014 ! 0.3 

215 ! 3 

· 1.3 ! 2. 6 

TABLE 7. Tritium Concentration in Spring Water Along the Hanford 
Shoreline from HRM 25.75 to HRM 44 During 1988 

...HfilL Tritium Concentration, oCi/L 

25.75 260 ± 170 
27.25 7 ,4.20 ± 300 

27.5 72,000 ± 890 

28.1 155,000 ± 1,290 
28.5 145,000 ± 1,250 
38.25 2,630 ± 230 

38.8 682 ± 180 

41. 75 6,580 ± 310 

42.0 1,070 ± 190 

42.1 346 ± 170 

42.3 283 ± 170 

43.6 65 ± 160 
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FIGURE 5. Tritium Concentrations in Spring Water Along the Hanford 
Shoreline from HRM 25.75 to HRM 44 During 1988 
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COLUMBIA RIVER 

Samples of the Columbia River were collected as part of the Spring 
Characterization Study for comparison and to provide information relative to 
the impact of the ground-water discharge. Grab samples were collected from 
the routine sample locations using the routine sampling system intakes. In 
addition, river water samples were collected immediately downstream of 
selected riverbank springs in order to identify the localized influence of 
the seepage on the river. The concentrations observed in these near-shore 
river samples are not representative of average river water concentrations 
and are indicative of the elevated concentrations attributable to the 
discharge of contaminated ground water into the river. 

Radiological and nonradiological sample results from Priest Rapids Dam 
and the Richland Pumphouse, observed above the detection level, are included 
in Tables 8 and 9, respectively. As was the case for selected springs, sam
ples from these two locations received the extensive 9905 list of nonradio
logical analysis. As expected, most contaminants were not detectable in the 
river water samples. Radiologically! only the concentrations of tritium, 
99Tc, 234u, and 238u were above the analytical detection levels. The tritium 
and 99Tc concentrations were higher at the Richland Pumphouse than at Priest 
Rapids Dam, although the uncertainties associated with the 99rc results over
lapped on the two locations. The tritium concentration was considerably 
higher at the Richland Pumphouse location, well above the 1988 average con
centration of 130 pCi/L (Jaquish and Bryce 1989). This is expected since the 
annual average is determined using composite amples that flatten out the 
extremes during the year and because the grab sample in this study was 
obtained during a low flow condition that would maximize th~ influence of 
the ground-water discharges to the river. Nonradiological sample results 
(Table 9) were similar at the two locations and similar to concentrations 
previously reported (McGavock 1987). 

Table 10 lists the tritium and nitrate results of ~he near-shore river 
water samples collected immediately downstream of spe~ific riverbank springs. 
Also included in this table are the corresponding concentrations observed in 
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the 

TABLE 8. Radiological Results of Water Samples Collected at Priest 
Rapids Dam and the Richland Pumphouse on September 13, 1988 

spring 

Concentrations pCiLL 
Constituent Priest Rapids Dam Richland Pumphouse 

Tritium 180 ± 170 580 ± 180 
99Tc 0.6 ± 1. 2 1.8 ± 1. 2 
234u 0.16 ± 0.04 0.18 ± 0.04 
238u 0. 13 ± 0.04 0.16 ± 0.04 

TABLE 9. Nonradiological Sample Results of Water Samples 
Collected at Priest Rapids Dam and the Richland 
Pumphouse on September 13, 1988 

Concentrations ppb 
Constituent Priest Rapids Dam Richland Pumphouse 

Strontium 125 120 
Zinc 12 9 
Ca lei um 21,657 21,362 
Barium 33 32 
Sodium 2,452 2,563 
Manganese 14 8 
Potassium 811 862 
Iron 160 37 
Magnesium 4,777 4,567 
Nitrate <500 554 
Sulphate 10,336 10,802 
Chloride 895 1,019 

water itself. Concentrations of radiological constituents in the 
near-shore river water samples were generally similar to those observed in 
average river water samples, typically below the analytical detection level. 
Exceptions to this included_ tritium in samples collected at various locations 
along the Hanford Reach, 90sr concentrations in the near-shore river sample 
near the N-spring, and uranium concentrations in the near-shore river samples 
collected at the 300 Area, which were found at levels similar to the local 
ground water. 
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TABLE 10. Tritium and Nitrate in Near-Shore River and Spring 
Samples Along the Hanford Site During 1988 

Concentration 
Sample 

Location. Type Tritium 2 pCiLL Nitrate2 ppb 

HRM 9.0 Spring 75,800 ± 910 28,630 
River 76,400 ± 910 NA(a) 

HRH 15.0 Spring 545 ± 180 <500 
River 70 ± 130 <500 

HRM 27.5 Spring 72,000 ± 890 12,713 

River 26,400 ± 525 NA 
HRH 28.1 Spring 155,000 ± 1,290 31,040 

River 158,000 ± 1,250 31,290 
HRH 42.1 Spring 346 ± 170 2,149 

River 485 ± 180 1,697 

(a) NA• Not analyzed. 

Contaminant concentrations ir. the near-shore river samples reflect the 
localized effects of the ground-water discharge to the river. Specific 
sample locations were chosen to maximize the potential to detect the influ
ence of the $prings on the river concentrat;ons. As expected, the radionu
clide concentrations found in the near-shore river samples were generally 
elevated with respect t0 the average concentrations in the river as defined 
by the samples co11ected at Priest Rapids Dam and the Richland Pumphouse. 
Most near-shore riv~r w~ter samples displayed concentration~ between those 
observed in the spring and the average river water concentrations. In some 
instances, the concentration~ observed in the near-~hore samples were at or 
above the corre:ponding spring wat c~ concentrations, indicating a significant 
contribution from the ground water on loca1 river water concentrations. This 
phenomena has been reported in previous studies (McCormack and Carlile 1984). 
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FRANKLIN COUNTY 

An understanding of all sources of pollutants entering the river along 
the Hanford Site, whether or not they are associated with Hanford operations, 
is needed to fully understand the results of Columbia River monitoring down
stream of Hanford and evaluate the subsequent impacts attributable to 
Hanford . Samples were collected from an area of extensive ground-water seep
age across from and just above the 300 Area (HRH 41) and from two irrigation 
return canals that enter the river upstream of the Richland Pumphouse 
Columbia River monitoring station . The first canal enters the river at 
approximately HRH 32 at Ringold, and the second canal enters near the 
southern Site boundary at Byers landing, HRM 44. 

Samples collected from the Franklin County shoreline contained detect
able concentrations of several constituents at levels above those known to 
exist in Columbia River water. Tables 11 and 12 provide the concentrations 
of those constituents. Interestingly, gross alpha, gross beta, 234u, 235u, 
and 238u concentrations were found at levels considerably higher than those 

TABLE 11. Selected Radiological Contaminant Concentrations in Franklin 
County Seepage and Irrigation Return Canal Water During 1988 

Concentration, uCiLl 
Ringold Sagemoor 

Constituent Irrigation Seeu 
Gross Alpha 17 ± 0. 7 2.0 ± 
Gross Beta 9.9 ± 2.5 2.6 ± 
Tritium NA(b) 380 ± 
60co 1. 6 ± 3.5 3.0 ± 
90sr 0.39 ± 0.36 0.09 ± 
137cs 0.9 ± 3.0 2.5 ± 
234u 3.0 ± 0.2 4.6 ± 
235u 0.17 ± 0.04 0.14 ± 
238u 2.3 ± 0.1 3.9 ± 

(a) 1988 average at Priest Rap ids Dam. 
(b) NA • Not analyzed. 
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1.0 
1. 7 

170 
3.0 
0.35 
3.0 
0.2 
0.03 
0.2 

Byers lane.Jing 
Irrigation 

0. 7 ± 0.5 
6.4 ± 2.1 

NA 
1.3 ± 2.5 
0.42 ± 0.36 
0.8 ± 2.0 
2.6 ± 0. 2 
0.15 ± 0.05 
2.3 ± 0.2-

River 
Background(a) 

0.3 ± 0.2 
1.0 ± 0.4 

70 ± 6 
<0.0002 

0.10 ± 0.02 
<0 . 003 

0.20 ± 0.03 
0.006 ± 0.003 
0 . 17 ± 0.02 



TABLE 12. Selected Nonradiological Contaminant Concentrations in Franklin 
County Seepage and Irrigation Return Canal Water During 1988 

Concentration, ~eb 
River ( ) Ringold Sagemoor Byers Land1ng 

Constituent Irrigation Seee Irrigation Background a 
Calcium 52,916 93,019 45,680 21,657 
Barium 53 64 63 33 
Sodium 47,725 72,148 42,975 2,452 
Vanadium 15 8 13 <5 
Aluminum <150 692 <150 <150 
Manganese 11 93 10 14 
Potassium 7,316 2,605 5,067 811 
Iron 200 696 155 160 
Magnesium 25,446 48,426 21,418 4,777 
Arsenic 6 <5 5 <5 
Selenium 5 10 <5 <5 
TOC (Total Organic Carbon) 2,500 2,000 2,600 1,281 
TC (Total Carbon) 47,290 39,928 40,770 13,320 
TOX (Total Organic Halogen) 14 12 28 8.0 
Nitrate 10,795 52,320 15,631 <500 
Sulphate 63,760 238,000 50,670 10,336 
Chloride 15,810 42,370 13,560 895 

(a) Sample from Priest Rapids Dam Location. 

observed in the river. In addition, 90Sr concentrations in the two irriga
tion return canals were slightly higher than those typically found in the 
river, although the uncertainties associated with these results were very 
large with respect to the results themselves. 

The elevated gross alpha and beta concentrations are attributed to the 
corresponding elevated levels of uranium present in these water samples. 
Uranium is known to be present in the ground water in Franklin County (WDSHS 
1988); therefore, it is not surprising for it to be present in the springs 
entering the river along this stretch of the river. Uranium is also known to 
be present in the Spokane River drainage system, which feeds into the 
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Columbia River upstream of Grand Coulee Dam. The irrigation water in the two 
canals sampled originated from behind Grand Coulee Dam, near the mouth of the 
Spokane River, perhaps contributing to the elevated concentrations. Another 
possible contributor to the uranium concentrations in the irrigation return 
water is phosphate fertilizer, used extensively in agricultural applications 
in this region. The phosphate rock ores used in fertilizer production 
typically contain above-average concentrations of uranium (NCRP 1984). 



CONCLUSIONS 

The 1988 Spring Characterization Study has confirmed that the type and 
concentrations of contaminants in the riverbank springs along the Hanford 
shoreline are within the range known to exist in the ground water near the 
river. In addition, th~ location and extent of ground-water discharge zones 
compare favorably with those plotted or predicted by the GWPMP in recent 
reports. The major contaminated ground-water discharge areas continue to be 
the 100-N Area, the old Hanford Townsite (200-Areas ground-water plume), and 
the 300 Area. ThE 200-Areas ground-water plume has expanded as expected and 
is now discharging into the river farther south than previously observed, 
nearly to the northern edge of the 300 Area. The ground-water flow patterns 
beneath the 100-N LWDFs also appear to be changing as a result of different 
effluent disposal practices. 

Discharges of a few contaminants above the DWS into the CQlumbia River 
were observed in some areas. Discharge volumes remained very small relative 
to the flow of the Columbia River. However, as in the past, localized areas 
of impact were observed within the river near the discharge zone with radio
nuclide concentrations above the DWS. Past experience has sho'.~n these zones 
of influence to be rapidly dissipated within the mainstream of the river 
(Haney 1957). Downstream river sampling also dem0nstrated the impact of 
ground-water discharges to be very small, negligible in most cases. In all 
cases, river water concentrations observed outside of the immediate distharge 
zones were well below DWS. 
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APPENDIX A 

SAMPLING LOCATIONS ANALYSES INFORMATION 



TABLE A.1. Scheduled Spring Sample Locations and Analyses - 1988 

ArH 

Above lN-8 

lN-8 

lN-8 

Above lN-K 

lff-K 

Above 111-N 

lH-N 

lN-N (NST) 

lN-N 

Below lN-N 

lN-D 

lN-H 

lN-H 

lN-H 

lN-F 

lN-F 

Hanford Ferry Landint 

Hanford Townaite 

Hanford T-.ite 

Hanford Townaite 

Hanford Townaite 

Hanford Townaite 

Rint0ld Ialand 

IPPSS Intake 

Above looded Ialand 

looded Ia I and 

looded Ia I and 

Above 3N 

3N 

3H 

3H 

HR11(1) Spring No . 

3.3 3-2 

4.2 4-1 

6.1 

II .I 

II.I 

7.6-8 .2 

I . II-I . I 

1.9 

11.26 

9.6-11.1 

11.1 

14 .6 

16 .1 

15.6 

11 .1 

11.11 

26.76 

27 .1 

27 .26 

27 .6 

21.1 

6-1 

11-1 

7-1 

7-4/8-1 

1-11/1-11 

NST 

9-2/9-4 

NA(c) 

11-1 

14-4/14-6 

16-1 

16-6 

11-1 

11-2 

26-4 

27-1 

27-2 

27-3 

21-2 

21. 6 28-4 

31.11 31-6 

35 .8 35-1 

37 .5 37-2 

31 .25 31-1 

31 .1 31-11/39-1 

41 .5-41 .8 41-1/41-2 

42 .1 42-1 

42 .1 

42 .3 

42-2 

42-4 

River Ana I YI i 1 

A. l 

Alpha, Beta, 3H, ·35(b) 

X Alpha, Beta, 3tf, 9915(b) 

Alpha, Beta, 3tf, 736 

Alpha, Beta, 3H, 736 

Ahpha, Beta, 3H, 736 

Alpha, Beta, 3H, 736 

X 

X 

X 

X 

X 

Alpha, Bet•, SH, llfSr, Ca••• 7S6 

Alpha, Beta, 3H, Hsr, au.,, 9916 

Alpha, Beta, 3tf, Nsr, a-,, 735 

Alpha, Beta, 3tf, Nsr, 0-a, 735 

Alpha, Bit• , 3H, Nsr, 736 

Alpha, Bit.,, 3tf, U-iao, 736 

Alpha, Blti, 3tf, U-iao, 9916 

Alpha, Bit•, 3tf, 736 

Alpha, Beta, 3H, 736 

Alpha, Beta, 3tf, 9916 

Alpha, Beta, 3H, 736 

Alpha, Beta, 3H, 736 

Alph~, Beta, 3H, 736 

Alpha, Beta, 3tf, Nsr, 99Tc, 735 

Alpha, Beta, 3tf, Nsr, 99Tc, 9916 

Alpha, Beta, 3tf, Nsr, 99Tc, 735 

Alpha, Beta, 3H, 736 

Alpha, Beta, 3tf, 736 

Alpha, Beta, 3H, 735 

Alpha, Bet• , 3H, 735 

Alph•, a.ti, 3H , 735 

Alpha, beta, 3H, 735 

Alpha, Beta, 3H, U-iao, 73, 

Alpha, Beta, 3H, U-iao, 2311U, 9916 

Alpha, Beta, 3H, U-iao, 2311U , 9916 



ArH 

Port. of Bent.on 

_!!BL_ 

llyera Lndg:Irr . Return 

Slide Seep 

Ringold Irr . Return 

Prieat. Rapid, Du 

Richland PuaphouH 

(1) HRII • Hanford River Iii le . 
(b) Analyt.ic:11 Labor1t.ory Codu . 
(c:) NA • Not. appl ic:•b:4 . 
(d) -- • No d1t.1. 

43 .1 

--(d) 

TABLE A.l. (contd) 

S1• ple No . 

43-1 

NA 

NA 

NA 

NA 

NA 

A.2 

X 

X 

Alpha, 

Alpha, 

Alpha, 

Alpha, 

Alph1, 

Alpha, 

An1lx1i1 

Beta, 3H, 736 

Bet.,, Nsr, U-i •o, 9916 

Bet.,, 3H, Nsr, U-i •o, 9916 

Bet.,, Nsr, U-i •o, 9916 

Bet.a, 3H, Nsr, 99Tc:, U-iao, 9916 

Bet.a, 3H, Nsr, 99Tc, U-i •o, ~-6 



TABLE A.2. Nonradiological Analysis 

Analytical 
·Code ComQOUnd MDL (1212b} 

726 ICP Metals 
A0l Beryllium 5 

• A03 Strontium 20 
A04 Zinc 5 
A05 Calcium 50 
A06 Barium 6 
A07 Cadmium 2 
A08 Chromium 10 
AlO Silver . 10 
All Sodium 200 
Al2 Nickel 10 
Al3 Copper 10 
Al4 Vanadium 5 
Al5 Antimony 100 
Al6 Aluminum 150 
Al7 Manganese 5 
Al8 Potassium 100 
Al9 Iron 30 
A50 Magnesium 50 

727 Enhanced Thiourea 
A24 Thiourea 200 
A25 l-Acetyl-2-Thiourea 200 
A26 1-(0-Chlorophenyl)-Thiourea 200 
A27 Diethylstilbestrol 200 
A28 Ethylenethiourea 200 
A29 l-Naphthyl-2-Thiourea 200 
A32 N-Phenylthiourea 500 

729 Enhanced Pesticides 
A33 Endri.n 0.1 
A34 Hethoxychlor 3 
A35 Toxaphene 1 
A36 Alpha BHC 0.1 
A37 Beta BHC 0.1 
A38 Gamma BHC 0.1 
A39 Delta BHC 0.1 
A40 ODD 0.1 
A41 DDE 0.1 

• A42 DDT 0 .1 
A43 Heptachlor 0 .1 
A44 Heptachlor Epoxide 0 .1 
A46 Dieldrin 0 .1 
A47 Aldrin 0 .1 
A48 Chlordane 1 
A49 Endosulfan I 0.1 
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Analytical 
Code 

729 
A52 
C62 
XlO 

731 
A61 
A62 
A63 
A64 
A65 
A66 
A67 
A68 
A69 
A70 
A71 
B14 
A76 
A77 
A78 
A79 
A80 
A81 
A89 
.A.90 
A91 
A92 
A93 
A94 
A95 
B06 
B08 
B13 
H68 

A72 
A73 
A74 
fJ.75 
A82 
A83 
A84 

TABLE A.2. (contd} 

Compound 

EnhanGed Pesticides (contd) 
Endosulfan II 
Chlorobenzilate 
OBC 

Volatile Organic Compounds 
Tetrachloromethane 
Benzene 
Oioxane 
Methylethyl Ketone 
Pyridine 
Toluene 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 
1,1,2-Trichloroethene 
Perchloroethylene 
Xylene (0, P) 
Xylene (M) 
Methyl Bromide 
Carbon Disulfide 
Chlorobenzene 
2-Chloroethyl vinyl ether 
Chloroform 
Chloromethane 
1,1-0ichloroethane 
1,2-Dichloroethane 
Trans-1,2-Dichloroethene 
1,1-0ichloroethene 
Methylene Chloride 
1,2-0ichloropropane 
1,3-Dichloropropenes 
1,1,2,2-Tetrachloroethane 
Bromoform 
Vinyl Chloride 
Hexone 

The following have been forward 
searched: 

Acrolein 
Acryl onitril e 
Bis (Chloromethyl) Ether 
Bromo Acetone 
Chloromethylmethylether 
Crotonaldehyde 
1,2-Dibromo-3-Chloropropane 

A.4 

MDL Cppbl 

0.1 
30 
1.0 (Expected) 

5 
5 

500 
10 

500 
5 
5 
5 
5 
5 
5 
5 

10 
10 
10 
10 
5 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
10 



TABLE A.2. (contd) 

Analytical 
Code Compound MDL (ppb) 

731 Volatile Organic Compounds (contd) 
ASS 1,2-0ibromoethane 10 
AS6 Dibromomethane 10 
AS7 1,4-Dichloro-2-Butene 10 
ASS Dichlorodifluoromethane 10 
A96 N,N-Oiethylhydrazine 10 
A99 Hydrogen Sulfide 10 
B01 Iodo Methane 10 
B02 Methacrylonitrile 10 
B03 Methanethiol 10 
804 Pentachloroethane 10 
805 1,1,1,2-Tetrachloroethane 10 
809 Trichloromethanethiol 10 
BIO Trichlorofluoromethane 10 
B11 Trichloropropane 10 
B12 1,2,3-Trichloropropane 10 
815 Diethyl arsine 10 
C71 Formaldehyde 500 
C04 Methyl Methacrylate 10 
H06 Ethyl Methacrylate 10 
B19 Acetonitrile 3 ppm 
HOS Ethylene Oxide 3 ppm 

733 Semivolatile Organic Analysis 
B26 Aniline 10 
830 Benz(A)Anthracene 10 
833 Benzi dine 10 
B34 Benzo(B)Fluoranthene 10 
B3S Bis(2-Chloroethoxy)Methane 10 
B39 Bis(2-Chloroethyl)Ether 10 
840 Bis(2-Ethylhexyl)Phthalate 10 
841 4-Bromophenyl Phenyl Ether 10 
B42 Butyl Benzyl Phthalate 10 
845 P-Ch l oroan il i ne 10 
846 P-Chloro M-Cresol 10 
B4S 2-Chloronaphthalene 10 
B49 2-Chlorophenol 10 
B50 Chrysene 10 
B55 Dibenz(A,H)Anthracene 10 
B60 Di -N-Butyl Phthalate 10 
B61 1,2-Dichlorobenzene 10 
B62 1,3-0ichlorobenzene 10 
B63 1,4-Dichlorobenzene 10 
B64 3,3'-0ichlorobenzidine 20 
B65 2,4-Dichlorophenol 10 
B67 Diethyl Phthalate 10 
B75 2,4-0imethylphenol 10 
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TABLE A.2. (contd) 

Analytical 
'Qd~ Com12ound MDL { 1212b} 

733 Semivolatile Organic Analysis (contd) 
876 Dimethyl Phthalate 10 
878 4,6-Dinitro-0-Cresol 10 
880 2,4-Dinitrotoluene 10 
B81 2,6-Dinitrotoluene 10 
882 Di-N-Octyl Phthalate 10 
B84 1,2-Diphenylhydrazine 10 
B88 Fluoranthene 10 
889 Hexachlorobenzene 10 
890 Hexachlorobutadiene 10 
891 Hexachlorocyclopentadiene 10 
892 Hexachloroethane 10 
B93 Indeno(l,2,3-CD)Pyrene 10 
C54 Hexachlorophene 10 
C55 Naphthalene 10 
Cl2 Nitrobenzene 10 
Cl7 N-Nitrosodimethylamine 10 
C57 Phenol 10 
C43 1,2,4-Trichlorobenzene 10 
879 2,4-Dinitrophenol 50 
Cl3 4-Nitrophenol 50 
Cll Para-Nitroaniline . 50 
C28 Pentachlorophenol 50 

. - -----
C44 2,4,5-Trichlorophenol 50 
C45 2,4,6-Trichlorophenol 10 
C56 1,2,3-Trichlorobenzene 10 
c58 1,3,5-Trichlorobenzene 10 
C37 1,2,4,5-Tetrachlorobenzene 10 
C59 1,2,3,4-Tetrachlorobenzene 10 
C60 1,2,3,5-Tetrachlorobenzene 10 
C26 Pentachlorobenzene 10 
851 Cresols 10 
885 N-Nitrosodinpropylamine 10 
C49 Benzo(A)Pyrene 10 
C51 Bis(2-Chloroisopropyl) Ether 10 
121 Ti butyl phosphate 10 
820 Acetophenone 10 
821 Warfarin 10 
B22 2-Acetylaminofluorene 10 
B23 4-Aminobyphenyl 10 
B24 5-(Aminomethyl)-3-Isoxazolol 10 
B25 Amitrol e 10 
B27 Aramite 10 
B28 Auramine 10 
B29 Benz(C)Acridine 10 
B31 Benzene, Dichloromethyl 10 
B32 Benzemethoil 10 
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Analytical 
Code 

TABLE A.2. (contd} 

Compound MDL (pp'2.}_ 

733 Semivolatile Organic Analysis (contd} 
B36 P-Benzoquinone 10 
B37 Benzyl Chloride 10 
B43 2-Sec-Butyl-4,6-Dinitrophenol 10 
B44 Chloroalkyl Ethers 10 
B47 l-Chloro-2,3-Epoxypropane 10 
B52 2-Cyclohexyl-4,6-0initrophenol 10 
B53 Dibenz(A,H)Acridine 10 
B54 Dibenz(A,J)Acridine 10 
B56 7H-Dibenzo(C,G}Carbazole 10 
B57 Dibenzo(A,E}Pyrene 10 
B58 Dibenzo(A,H)Pyrene 10 
B59 Dibenzo(A,l)Pyrene 10 
B66 2,6-Dichlorophenol 10 
B68 Dihydrosafrole 10 
B69 3,3'-0imethoxybenzidine 10 
B70 P-Dimethylaminoazobenzene 10 
B71 7,12-Dimethylbenz(A}Anthracene 10 
B72 3,3'-Dimethylbenzidine 10 
B73 Thiofanox 10 
B74 Alpha, Alpha-Dimethylphenethyl-

Amine 10 
B77 Dinitrobenzene 10 
B83 Di phenyl amine 10 
B86 Ethyleneimine 10 
B87 Ethyl Methanesulfonate 10 
B94 Isosafrole 10 
B95 Malononitrile 10 
B96 Malphalan 10 
B97 Methapyrilene 10 
B98 Matholonyl 10 
B99 2-Methylaziridine 10 
COl 3-Methylcholanthrene 10 
CO2 4,4'-Methylenebis(2-Chloro-

Aniline) 10 
C03 2-Methy1lactonitrile 10 
COS Methyl Methanesulfonate 10 
C06 2-Methyl-2-(Methylthio)Propion-

Aldehyde-O-(Methylcarbonyl) 
· Oxime 10 

C07 Methylthiouracil 10 
COS 1,4-Naphthoquinone 10 
C09 1-Naphthylamine 10 
ClO 2-Naphthylamine 10 
Cl4 N-Nitrosodi-tl-Butyl amine 10 
ClS N-Nitrosodiethanolamine 10 
Cl6 N-N~trosodiethylamine 10 
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Analytical 
Code 

TABLE A.2. (contd) 

Compound MDL Cppb) 

733 Semivolatile Organic Analysis (contd) 
Cl8 N-Nitrosomethylethylamine 10 
Cl9 N-Nitroso-N-Methylurethane 10 
C20 N-Nitrosomethylvinylamine 10 
C21 N-Nitrosomorpholine 10 
C22 N-Nitrosonornicotine 10 
C23 N-Nitrosonopiperidine 10 
C24 Nitrosopyrrolidine 10 
C25 5-Nftro-0-Toluidine 10 
C27 Pentachloronitrobenzene 10 
C29 Phenacetin 10 
C30 Phenylenediamine 10 
C31 Phthalic Acid Esters 10 
C32 2-Picoline 10 
C33 Pron amide 10 
C34 Reserpin~ 10 
C35 Rescorzinol 10 
C36 Safrol 10 
C39 2,3,4,6-Tetrachlorophenol 10 
C40 Thiuram 10 
C41 Toluenediamine 10 
C42 O-To1uidine Hydrochloride 10 
C46 0,0,0-Triethyl Phosphorothioate 10 
C47 Sym-Trinitrobenzene 10 
C48 Tris(2,3-Dibromopropyl) -Phosphate 10 
C50 Chloronaphazine 10 
C52 Hexachloropro~ene 10 
C79 Kerosene 10 
C92 Maleic Hydrazide 500 
C93 Nicotinic Acid 100 
C91 Strychnine 50 
835 Benzo(J)Fluoranthene 10 

734 
C61 
C63 
C64 
C65 
C66 
C67 

735 
C72 
C73 
C74 
C75 
C76 

Phosphorous Pesticides 
Tetraethylpyrophosphate 
Carbophenothion 
Disulfoton 
Dimethoate 
Methyl parathion 
Ethyl Parathion 

IC Report 
Nitrate 
Sulphate 
Fluoride 
Chlor '. de 
Phosphate 

A.8 

500 
5000 
500 

5000 
1000 



TABLE A.2. (contd} 

Analytical 
Cod~ Com12ound MDL (1212b} 

736 Direct Aqueous Injection Analysis 
C53 Hydrazine 3000 
C90 Paraldehyde 2000 
C94 Acrylamide 10,000 
C95 Allyl Alcohol 2500 
C97 Chloroacetaldehyde 16,000 
C98 3-Chloropropionitrile 4000 
H03 Ethyl Carbamate 5000 
H04 Ethyl Cyanide 2000) 
H09 lsobutyl Alcohol 1000 
Hll N-Propylamine 10,000 
Hl2 2-Propyn-l-Ol 8000 

737 Enhanced Herbicides 
Hl3 2,4-D 2 
Hl4 2(2,4,5-T}P 2 
HIS (2,4,5-T) 2 

739 PCB Analysis 
A54 Arochlor 1016 4.0 
ASS Arochlor 1221 1.0 
A56 Arochlor 1232 1.0 
A57 Arochlor 1242 1.0 
ASS Arochlor 1248 1.0 
A59 Arochlor 1254 1.0 
A60 Arochlor 1260 1.0 

A20 Arsenic 5.0 
A21 Mercury 0 .1 
A22 Selenium 5.0 
A23 Thall itim 5.0 
ASI lead 5.0 
C69 TOC (Total Organic Carbon} 
C70 Cyanide 10.0 
C77 Perchlorate 1000 
C78 Sulfide 1000 
cao Ammonium Ion 50 
C81 Ethylene Glycol 10 ppm 
C87 Citrus Red 1000 
Hl6 TC (Total Carbon) 2000 
H42 TOX (Total Organic Halogen} 10 



TABLE A.3. Sample Container and Preservation Requirements 

Con1t.it.u1nt.(1) Code Container Type 

ICP Ytt.111, Enh(b) 7:1 Pl11t.ic, lhit.e Cap 

ArNnic 

S.ltniue 

A2I Pl11t.i r., lhit.e Cap 

A22 Pl11t.ic, lhit.e Cap 

Thi II i1111 

LHd, by <FM 

Mercury 

Cyan ide 

Sulfide 

ANoniua Ion 

TOC 

A23 Pl11t. ic, lhit.e Cap 

A61 Pl11t.ic, lhit.e Cap 

A21 01111, Clear 

C71 Pl11t.ic, lhite Cap 

C71 Pl11t.ic, lhit.e Cap 

CU 01111, Clear 

CH 01111, Allbtr 

TDX H42 01111, Allbtr S.pt.1111 

Put.ic idu, Enh 729 

Htrbicidu 737 

Phoaphoroua Put.icidu 734 

4/B/N, Enh 7U 

ThiourH, Enh 727 

Direct. Aqueou1 Inj . 731 

Ethylene Qlycol Cll 

Cit.rua Red Cl7 

TC HUI 

IC 736 

Perchlorate C77 

VOA, Enh 731 

01111, Allbtr 

01111, Allbtr 

01111, Allbtr 

01111, Allbtr 

Ql111, Allbtr 

01111, Allbtr 

01111, Allbtr 

01111, Allbtr 

01111, Allbtr 

Pla1t.ic, lhit.e Cap 

Pl11t.ic, lhit.e Cap 

01111, Allbtr S.pt.1111 

Volu•e (•Lil 
llN 

llN 

llN 

llN 

llN 

5N 

llN 

511 

511 

26' 

26' .... 
41N 

41N 

41N 

26' 

26' 

26' 

26' 

26' 

126 

126 

41 

(a) S.w1r1I specific con• t.it.u1nt1 reported for soae code• . 
(b) Enh • enhanced 1naly1i1. 

A.10 

Pr11ernt. i wt 

HN03 

HN03 

HN03 

HN03 

HN03 

HN03 

N•DH 

ZnActt./NaDH 

H25D4 

H3P04 

H2SD4 
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TABLE B.1. Actual Spring Sample Locations and Analyses Performed - 1988 

Are• HRll(a) Spring No . River Analrsia 

Above lH-B 3.3 3-2 Alpha, Beta, 3H, 735(b) 

lH-N (NIT) 1.9 NIT X Alpha, Beta, 3H, 91Sr, O..a, 991&(b) 

Below lH-N 9.6-11 .1 Aipha, Beta, 3H, VlfSr, OINa, 736 

lH-D 11.1 11-1 Alpha, Beta, 3H, 91Sr, 736 

lN-H 16.1 16-1 X Alpha, Beta, 3H, U-iao, Ni 

Hanford Ferry Landing 26.76 26-4 Alpha, Beta, 3H, 736 

Hanford To1111aite 27 .26 27-2 Alpha, Beta, 3H, 736 

Hanford Town,ite 27 .6 27-1 X Alpha, Bite, 3H, 91Sr, "1'c, 736 

Hanford Townaite 21.1 21-2 X Alpha, Beta, 3H, 91Sr, "1'c, 9916 

Hanford To1111aite 21 .6 21-4 Alpha, Beta, 3H, 91Sr, "1'c, 736 

looded Ia I and 31.26 31-1 Alpha, Beta, 3H, 736 

looded Is I and 31 .1 31-11/39-1 Alpha, Beta, 3H, 736 

Abowe 3H 41.6-41.1 41-1/41-2 Alpha, beta, 3H, 736 

3H 42 .1 42-1 Alpha, Beta, 3H, U-iao, 736 

311 42.1 42-2 X Alpha, Beta, 3M, U-iao, 238U,, 9916 

3H 42 .3 42-•I Alpha, Beta, 3H, U-iao, 231U, 9916 

Port of Bent.on 43 .1 41-1 Alpha, Beta, 3H, 736 

By,ra Lnd9: Irr . Return --Cc) 1:;.(d) Alpha, Beta, 91Sr, U-iao, 9916 

SI id, S..p NA Alpha, Beta,• 3H, 91Sr, U-iao, 9916 

Ringold Irr. Return NA Alpha, Beta, 91sr, U-iao, 9916 

Priut Rapid• Du NA X Alpha, Beta, 3H, 91Sr, "1'c, U-i:IO, 9916 

Richland PullphouN NA X Alpha, Beta, 3H, 91Sr, "1'c, U-iao, 9916 

(1) HRM • Hanford River Wi I, . 
(b) Analytical laboratory co:1, . 
(c) No data . 
(d) NA• Not applicable. 

B .1 



TABLE 8.2. Columbia River Flow Rates During 1988 
Spring Sampling Activities 

Date Flow Rate, cfs 

09-04-89 76,000 
09-05-89 89,700 
09-06-89 96,200 
09-07-89 121,000 

09-10-89 103,000 
09-11-89 46,300 
09-12-89 70,800 
09-13-89 108,000 
09-14-89 99,800 
09-15-89 84,700 
09-16-89 96,400 

09-24-89 102,000 
09-25-89 65,200 
09-26-89 82,400 
09-27-89 92,800 

11-12-89 96,800 
11-13-89 95,900 
11-14-89 100,000 
11-15-89 105,000 

B. 2 



co 
w 

Radionuclide(b) 

Composite System 

Gross Alpha 
Gross Beta 
Tritium 
89sr 
90sr 
234u 
235u 
238u 
U-Total 

Continuous System 

60co P 
D 

1291 D 
131 I P 

D 
137cs P 

D 
239,240pu p 

D 

TABLE B.3 

No . of 
Samples 

12 
12 
12 
12 
12 
12 
12 
12 
12 

20 
20 

4 
11 
11 
20 
20 

4 
4 

Background Radionuclide Concentrations Measured in Columbia 
River at Priest Rapids Dam in 1988 

Concentration (pCi/L)(a) 
Maximum Minimum Average 

0.85 + 0.81 
2.31 + 1.00 

89 + 6 
0.184 + 0.084 
0.15 + 0.03 
0.27 + 0.06 
0.014 + 0.013 
0. 21 + 0.04 
0.48 + 0.07 

0.0018 + 0.0019 
0.0042 + 0.0041 
0.000045 + 0.000005 
0.0026 + 0.0037 
0.0038 + 0.0073 
0.004 + 0.0024 
0.0067 + 0.0040 
0.00010 + 0.00008 
0.00010 + 0.00016 

-0.07 + 0.20 
0.06 + 1.00 

56 + 4 
-0.044 + 0.072 
0.05 + 0.03 
0.11 + 0.03 

-0.003 + 0.008 
0.11 + 0.03 
0.23 + 0.05 

-0.0012 + 0.0024 
-0.0027 + 0.0042 
0.000006 + 0.000001 

-0.0011 + 0.0043 . 
-0.0068 + 0.0114 
0.0002 + 0.0014 

-0.0019 + 0.0044 
0.000002 + 0.000007 
0.00002 ! 0.00005 

0.31 + 0.17 
0.96 + 0.40 

70 + 6 
0.019 + 0.038 
0.10 + 0.02 
0.20 + 0.03 
0.006 + 0.003 
0.17 + 0.02 
0.37 + 0.04 

0.0006 + 0.0003 
0.0009 + 0.0011 
0.000017 + 0.000019 
0.0008 + 0.0008 
0.0007 + 0.0023 
0.0018 + 0.0005 
0.0028 + 0.0011 
0.00006 + 0.00004 
0.00006 + 0.00004 

Drinking Water 
Standard(c) 

15 
50 

20,000 
20 
8 ___ (d) 

100 

1 
3 

200 

(a) Maximum and minimum values !2 sigma counting error. Average !2 standard error of the calculated mean. 
(b) Radionuclides measured using the continuous system show the particulate (P) and dissolved (D) fractions 

separately . Other radionuclides are based on samples collected by the composite system. 
(c) From State of Washington and EPA. 
(d) Dashes indicate no concentration guides provided in DWS. 
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TABLE B.4 Columbia River Background Water Quality Data for 1988 (from Jaquish and Bryce 1989) 

No. of 
Vernita Bridge (U~stream} 

Anal~sis Units Sam~les Maximum 

PNL Environmental Monitoring 

pH pH units 12 8.5 
Feca 1 co 1 i form #/100 ml 12 130 
Total coliform #/100 ml 12 1600 
Biological oxygen demand mg/l 12 5.2 
Nitrate mg/L 12 0.23 

USGS Sampling Prograa(d) 

Temperature(e) oc 365 19.6 
Dissolved oxygen mg/L 6 13.4 
Turbidity NTU 6 1.8 
pH pH units 6 8.8 
Feca 1 coli form #/lOOml 6 3 
Suspended solids, 105°C mg/L NR 
Dissolved solids, 180°C mg/L 6 88 
Specific conductance pmhos 6 162 
Hardness, as CaC03 mg/L 6 77 
Phosphorus, total mg/L 6 0.03 
Chromium, dissolved pg/L 3 <l 
Nitrogen, Kjeldahl mg/l 6 0.5 
Total organic carbon mg/l 4 2.8 
Iron, dissolved pg/L 3 65 
Anmonia, dissolved (as N) mg/L 5 0.05 

(a) Average values +2 standard error of the calculated mcdn. 
(b) NA= Not applicable. 
(c) Annual median. 
(d) Provisional data subject to revision. 
(e) Maximum and minimum represent daily averages. 

Minimum 
Annua 1 ( ) 

Average a 

7.4 NA(b) 
2 2(c) 
2 40(c) 
0.7 2 .1 + 0.8 
0.05 0.14 + 0.03 -

1.8 11.3 
8.8 11.5 + 1.4 
0.4 1.0 + 0.4 
8.0 NA 

<l 2(c) 

71 81 + 6 
123 140 + 15 
58 68 + 7 
0.02 0.023 + 0.004 

<l <l 
<0.2 <0.28 + 0.11 -1.4 2 .1 + 0.7 
9 28 + 37 

<0.01 <0.02 + 0.02 -



TABLE 8.5. fstimated Background Levels for Selected Constituents 
i~ Hanford Grbund Water (from Evans et al. 1989) 

Constituent 
Detectio) 
Limit(a 

Background 
Concentration(a) 

Aluminum 2{b} <2(b) 

• klTITIOnia 50 <50 
A:--senic o.2(b) 3.9 + 2.4{b) 
Barium 6 42 + 20 
Beryllium o,3{b} <0.3(b) 
Bismuth 0.02(b) <0.02(b) 
Boron 5o(b) <50(b) 
Cadmium 0.2(0) <0.2(b) 
Calcium 50 40,000 !: 10,300 
Chloride 500 10,300 !: 6,500 
Chromium 2(b) 4.0 + 2.0(b) 
Copper t(b) <t(b) 
Cyanide 10 <10 
Fluoride 500 370 + 100 
Lead o.s(b) <0,5(b) 
Magnesium 10 11,800 !:_ 3,400 
Manganese 5 7 + 5 
Mercury 0.1 <0.1 
Nickel 4(b) <4(b) 
Phosphate 1,000 <l ,000 
Potassium 100 4,950 !: 1,240 
Selenium 2(b) <2(b) 
Silver 10 <10 
Sodium 10 18,260 :!: 10,150 
Strontium 20 236 + 102 
Sulfate 500 34,300 :!: 16,900 
Uranium o.5(c) 1.7 + o.a(c) 
Vanadium 5 17 + 9 
Zinc 5 6 + 2 



T.l\CLE B. 5. {contd) 

uctec~iyn Background 
Constituent _!._imj_~- Concentration{a) 

Al ka"iini::y 123,000 ± 21,000 
pH 7 .64 ± 0.16 
Tctal Organic Carbon 200 586 ± 347 
Conductivity 1{d) 380 ± 82{d) 

Gross Alpha o.s(c) 2.5 ± 1,4(c) 

Gross Beta 4{c; 19 ± 12{c) 

Radiu111 o.z{c) <0.2{c) 

{a) Units in ppb unless otherwise noted. 
{b) Based on ICP/MS data. 
{c) Units in pCi/l data. 
{d) Units in µmho/cm. 

B.6 
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TABLE B.6. Radiological Analyses of Water Samples Collected from the 
Columbia River, Columbia River Shoreline Springs (onsite) 
and Irrigation Wastewater Discharges (offsite) 

(All Concentrations in pCi/1. Blank spaces indicate not analyzed.) 

Sa•pl • 
Date 

11/14/81 

11/14/81 

19/16/81 

19/16/81 
19/te/81 
19/lfJ/81 
11/14/81 

19/12/81 

19/12/81 
19/12/81 
19/12/81 
19/12/88 

19/12/81 

19/12/81 

19/12/U 
19/N/81 
19/12/81 
19/28/81 
19/28/81 
19/28/81 

19/28/81 

19/12/81 

19/18/81 

19/12/81 
19/12/88 
19/28/81 

19/16/81 

19/16/81 
19/16/81 

19/13/81 
19/13/88 

Supl• 
Locat ion 

Supl• 
Source 

HIii 2.6 Spring 
HIii 3.3 Spring 
HIii 1 .9 Ri,• r 
HIii 8 .9 Spr ing 
HIii 8 .9 Spring 
HIii 9 . li Sprin11 
HIii 11 .1 Spring 
HRII 16 .1 RiY• r 
HIii 16 .1 Spring 
HIii 21i . 71i Sprin11 
HIii 27 . 26 Spring 
HIii 27 . li Ri,• r 
HIii 27 .6 Spring 
HIii 21.1 RiY• r 
HIii 21 . 1 Spring 
HIit 21 . 1 Spring 
HIii 211 . 6 Spring 
HIii S8 .21i Spring 
HIii SI . I Spring 
HIii 41.6-.1 Spr ing 
HIii 42 .1 Spring 
HIii 42 .1 Ri Y• r 
HIii 42 . 1 Spring 
HIii 42 . 1 ~ring 
HRII 42 .3 Spring 
HRII 43 .8 .. , Sprin11 
Byer• Lndg Irr . Rt.n 
SI id• S•• p 
Rin90ld Irr . Rt.n 
Pri •at. Rapid• Ri,• r 
Richland Pu• phoua• 

Croaa Alpha 

1 .49 •/- I.SI 
1.117 +/- 1 .91 

1 .11138 +/- 1.28 
1 .56 •/- t.81 
1.37 •/- 1.48 
1 .31 +/- I .U 

1 . 31 +/- 1.36 
1 . 42 •/- l ."2 
'.!.61 +/- 2.17 

2.11 •/- 1.12 

2.32 +/- 1.17 

2.112 +/- 1.12 

1.49 •/- 1 .91 

2.91 •/- 1.14 
2. 28 +/- 1.11 

3 .26 +/- 1. 49 

4. 42 •/- 1.11 

7.96 +/- 1.48 
8 . 41 •/- 1.29 
8.61 •/- 1.38 
1 . 62 •/- I .Ill 
1 . 76 •/- 1 .48 

2.12 +/- 1.99 
1. 71 •/- I . 73 

B. 7 

Croaa Bet.a 

1.37 •/- 1.17 

7.87 •/- 1.93 

11811 +f- 2\l8 
138H •/- lN 

73 .8 •/- 7 .8 
1.llli +/- 1. 12 

1.U +f- 1.27 
1 .89 •/- 1.14 
4.U +/- 4. 1 

14 . 2 +/- 2. 71 

41 +f- 4.18 
181 +/- 11 
46 •/- 4.81i 

1.86 •/- 1.4 

8 .14 +/- 1.91 

11 . 1 +/- 2. 41 

6 . 26 +/- 1.119 

11 .8 +/- 3.3 

7.31 •/- 1.94 
ll .81 •/- 2.22 
4.8\l •/- 1.78 
8 .39 •/- 2. 12 

2.81 +/- 1.118 
9 .94 •/- 2. 61 

Trit. iua 

-321 •/- 128 

1111 •/- 182 

714N • t- 911 

76811 •/- 1118 
74Ht •/- 7tt 

1111H •/- 888 
21.li •/- 137 

lli .7 •/- 127 
641i +/- 178 

284 • /- 189 

7421 +f- 2\l8 

284H + 626 
72HI +f- 881 

1681N •/- 1261 

lliliHI +f- 1291 

1431H • /- 1181 
1461H •/- 1251 

2831 •/- 231 

312 +f- 182 

81i11 •/- 318 

1171 •/- 192 

411i +/- 178 

181 •/- 116 
348 •/- 172 
283 •/- 171 

84 .8 +f- 183 

3TT •/- 174 

181 •/- 1117 

681 •/- 179 



TABLE B.6. (contd) 

Sa• ple Sa• ple Sa• ple 
Date Location Source Sr9' Co81 Zn66 

---------- ------------ ---------- ------------------ ---------··------- -----------------
11/14/U HIii 2.6 Spring -1 .69 +/- 3.39 2.13 •/- 9.41 
11 /14/U HIii 3.3 Spring 1.42 •/- 1. 71 -1. 25 •/- 5. 14 
19/16/U HIii 8.9 River 6741 +/- 186 31 .9 •/- 4.53 3. 25 •/- 6.72 ' 19/15/U HIii 8.9 Spring 7271 •/- 192. 63.4 •/- 19.4 6.31 •/-15 .81 
19/le/U HIii 8.9 Spring 8881 +/- 261 46 +/- 4.6 1.71 •/- 2.91 
19/le/88 HIii 9.5 Spring 1.31 •/- 1.19 31 .3 +/- 4 -2.11 +/- 3.38 
11/14/88 HIii 11.1 Spring 1.41 •/- 1.43 -2.16 +/- 3.46 -1.53 +/- 9.94 
19/12/88 HIii 16.1 River 
19/12/88 HIii 16.1 Spring -1 .66 •/- 1.92 -1 .38 •/- 8.25 
19/12/U HIii 26 .76 Sprir,g -1 .182 •/- 1.18 -1 .38 •/- 9.41 
19/12/U HIii 27 .26 Spring 
19/12/88 HIii 27 .6 River 
19/12/U HIii 27 .6 Spring -I .N93 +/- 1.33 1.17 +/- 3.U -4 . 41 •/- 11 .1 
19/12/U HIii 28 .1 River 
19/12/88 HIii 28.1 Spring 1.174 •/- 1.36 4.72 •/- 4.78 1.62 •/- 14 .4 
19/18/88 HIii 28 .1 Spring 1.79 •/- 1.11 4+/- 1.8 -1 .21 •/- 2.81 
19/12/U HIii 28 .6 Spring I .Nl4 •/- 1.33 2.82 +/- 3. 18 4.3i •/- 8.77 
19/28/U HIii 38 . 26 Spring -1.N +/- 2.13 -4 .32 +/- 6.49 
19/28/U HIii 38 .8 Spring -1.71-/- 1.8 -1.77 •/- 8.13 
19/28/88 HIii 41 .5- .8 Spring 1.38 •/- 1.45 -2 .14 •/- 6.79 
19/28/88 HIii 42.1 ' Spring 1.34 •/- 1.53 4.83 •/- 5.12 
19/12/81 HIii 42 .1 River I .Ill•/- 1.42 1.U •/- S.81 
19/18/88 HIii 42 .1 Spring 1.18 •/- 1.17 1.25 •/- 1.3 -1 . 91 •/- 1.91 
19/12/U HIii 42.1 Spring -3 .38 +/- 2.74 11 .44 •/- 7.98 
19/12/88 HIii 42 .3 Spring 1.111 •/- 2. 18 2.98 •/- 7.25 
19/211/88 HIii 43 .8 Spring 1.41 +/- 1.29 -2.21 +/- II . IS 
19/16/U Byera Lndg Irr . Rt.n 1.422 +/- 1.38 1.28 •/- 2.48 1.89 •/- 7.84 
19/16/U SI id• S..p 1.1897 +/- 1.36 2.96 +/- 3.11 3.31 •/- 11.4 
19/15/88 Ringold Irr. Rtn 1.386 +/- 1.38 1.57 +/- 3.51 -4 .48 •/- 8.71 
19/13/88 Print. Rapid• River -1 .172 •/- 1.29 -2 .35 •/- 2.88 -4 .44 •/- 7.73 
19/13/U Richland Pu• phouM 1.28 +/- 1.36 -1 .49 •/- 4.87 -2 .54 +/- 14 .3 



TABLE B.6. (contd) 

SHpl• S11ple S11ple 

Date Location Source Tc99 RulH Sb125 

---------- ------------ ---------- ---------------- ---------------- -----------------
11/14/81 HAIi 2. 5 Spring 12 . 4 •/- 31.8 

11/14/81 HAIi 3.3 Spring 9 .17 •/- 15.11 

19/15/81 HAIi 8 .9 River 11 .8 •/- 24.2 28 . 11 •,- 7 . 51 

19/15/81 HAIi 8 .9 Spring 12 . 11 •,- 71.2 

19/N/81 HAIi 8 . 9 Spring 8 . 9 •/- 11 . 4 43 . 1 •/- 11 .4 

19/H/88 HAIi 9 . 5 Spring 13.6 •/- 14.11 

11/14/88 HAIi 11 . I Spring -4 .12 •/- 33 .7 

19/12/88 HAIi 16 .1 River 

19/12/88 HAIi 16.1 Spring -1.1111 •,- 21 . 1 

19/12/88 HAIi 25.75 Spring 11 .88 •/· 15 .8 

19/12/88 HAIi 27 . 25 Spring 

19/12/88 HAIi 27 . Ii River 

09/12/88 HAIi 27 . li Sp~ing 48 . 4 •/- 1.711 3 . 22 •,- 311 

19/12/81 HAIi 21 . 1 River 

19/12/81 HAIi 21 . 1 Spring 223 •/· 2. llli -2.llli •/· 41.4 

19/N/81 HAIi 21.1 Spring 221 •,- 3 3 .1 •,- 7 .8 

111/12/81 HAIi 21.li Spring 215 •/- 2.89 24 . l •/· 21 . 7 

19/211/81 HAIi 31.25 Spring -2 .112 •/- 17 . 1 

19/28/88 HAIi 31 .S Spring 1 .113 •,- 21 .8 

~.'28/81 HAIi 41. s- . 8 Spring -3.11 •,- 21.8 

19/2C_l88 HRl,I 42 .1 Spring 13 .2 •,- 17 .1 

19/12/b~ HAIi 42.l River II . II •,- 17 .4 

19/18/88 HAIi 42 . l Spring -1 .3 •,- 11 . l 

19/12/88 HAIi 42 . l Spring II . 29 •/- 21. 7 

19/12/88 l·RII <i2. 3 Spring -18 .8 •/- 27 . 1 

19/211/88 HRII 43 .11 Spring 11 .3 •/- 111 . 11 

19/lli/88 Byer• !.ndg Irr . Rtn 2 .37 •,- 24 . 11 

19/16/88 SI ide Seep 12 .1 •/- 31 .7 

19/15/88 Ringold Irr . Rtn -4 . 72 •/- 33 .8 

19/13/88 Priut Rapid• River 1 .83 •/- 1.18 -14 .1 •/- 211.1 

19/13/88 Richland f'.JaphouM 1. 77 •/- 1. 24 41.8 •/- 41 .4 



TABLE B.6. (contd) 

SNpl, Sa•pl, Sa•plt 
Datt Location Source Cal37 U234 U235 

---------- ------------ ---------- ----------------- ----------------- -------------------
11/14/81 HAIi 2.6 Spring 1.18+/- 2.7 
11/14/81 HAIi 3.3 Spring -1 .82 +/- 1.37 
111/16/81 HAIi I .II Rivtr -1 .81 +/- 1.83 
111/16/81 HAIi i .ii Spring -1 .37 •/- 4.36 . 

. 
111/18/81 HAIi i.ii Spring -1 .2 +/-
19/18/81 HAii 11.6 Spring 1.41 •/- 1.17 
11/14/88 HAIi 11 .1 Spring -1.111 +/- 3.6 
111/12/88 HRII 16 .1 River 
19/12/88 HRII 16.1 Spring -1.94 +/- 1.82 1.183 •/- 1.13 -1 .1131 •/- 1.1141 
19/12/88 HIii 25 . 75 Spring 1.41 •/- 1.43 
19/12/81 HAIi 27 .26 Spring 
19/12/81 HAIi 27 .6 River 
19/12/~ HAIi 27.6 Spring 1.83 +/- 2.71 
19/12/11 HAIi 21 .1 Rivtr 
19/12/81 HRM 21 .1 Spring -3.74 •/- 3.31 
19/18/81 HAIi 21 .1 Spr ing -1 .6 +f- 1.1 
19/12/18 HAIi 21.6 Spring -1.3 +f- 2.68 
19/28/68 HAIi 31 .26 Spring -1 .68 +/- 1.41 
19/28/81 Hllll 31 .1 Spring 1.37 +f- 1.711 
19/28/81 HAIi 41. 6- . I Spring 1.46 •/- 1.78 
19/28/81 HAIi 42 .1 Spring -1.84 +f- 1.53 2.13 •/- 1.13 1.11 +f- 1.1141 
19/12/81 HAIi 42 .1 Rivtr -1 .94 +f- 1.26 4.21 •/- 1.21 1.31 •/- 1.158 
19/18/81 HAIi 42 .1 Spring 1.4 +f- 1.8 4.118 •/- 1.21 1.21 +f- 1.14 
19/12/81 HAIi 42 .1 Spring .. , .u •/- 1.1111 4.48 •/- 1.21 1.38 +f- 1.158 
19/12/81 HAIi 42 .3 Spring -1 .38 •,- 2.11 3. 48 •/- 1.11 1. 24 +f- 1.148 
19/28/81 HAIi 43 .8 Spring 1.49 •/- 1.86 
~/16/81 By1r1 Lndg Irr . Rt.n 1.78 •/- 2.13 2.8 +f- 1.21 1.16 +f- 1.149 
19/16/81 SI idt S..p 2. 51 •/- 3.12 4.8 +/- 1.21 1.14 •/- 1.134 
19/16/81 Ringcld Irr . Rt.n 1.88 +f- 2.1111 3.12 +/- 1.18 1.17 +f- 1.141 
19/13/88 Pr int. Rap id, River -1.81 +f- 2.5 1.18 +f- 1.14 1.1182 +f- 1.113 
19/13/81 Richland Pu•phouH -1 .27 +/- 3.91 1.18 •/- 1.14 -l .ffl7 •,- 1.119 



TABLE B.6. (contd} 

Sa•ple S1• ple Sa•ple 
D1t.e Loc1t.ion Source U238 

---------- ------------ ---------- ------------------
11/14/88 HAIi 2.6 Spring 
'11/14/88 HAIi 3.3 Spring 
19/16/88 HAM 8.9 River 
19/16/88 HIii 8.9 Spring 
19/18/88 HIii 8.9 Spring 
19/18/88 HRY 9.6 Spring 
11/14/88 HRY 11 .1 Spring 
19/12/88 HRY 16 .1 River 
19/12/88 HIii 16 .1 Spring 1.197 •/- 1.131 
19/12/88 HIii 26. 76 Spring 
19/12/88 HRY 27.26 Spring 
19/12/88 HAM 27 .6 River 

19/12/88 HIii 27 .6 Spring 
19/12/88 HRM 28.1 River 
19/12/88 HAIi 21.1 Spring 
19/18/88 HAM 21.1 Spring 
19/12/88 HAIi 28 .6 Spring 
19/28/88 HRY Sl . 26 Spring 
19/28/88 HAIi SI.I Spring 
19/28/88 HAIi 41.&-.I Spring 
19/28/88 HAIi 42.1 Spring 1.94 + 1. 13 
19/12/88 HAIi 42.1 River 3.96 • t- 1.28 
19/18/88 HAM 42 .1 Spring 4.41 • t- 1.21 
19/12/88 HRY 4-2.1 Spring 4.8 • t- 1.21 
19/12/88 HRY 42 .3 Spring 3 •/- 1.17 
19/28/88 HAM 43.8 Spring 
19/15/88 Byera Lndg Irr . Rt.n 2.27 • t- 1.19 
19/15/88 SI id1 SNp 3.91 • t- 1. 18 
19/15/88 Ringold Irr . Rt.n 2.32 •,- 1.14 
19/13/88 Priut. Rapid• River 1.13 •/- 1.138 
19/13/88 Richland Pu1phou11 1.18.f- 1.14 



IAaLE a.z. Nonradiological Analysis ~f Water Sample Collected from 
the Columbia River, Columbia River Shoreline Springs 
(onsite) and Irrigation Water Discharges (offsite) 

(All Concentrations in ppb. Blank spaces indicate not analyzed.) 

Detect.ion 88318 88322 88336 88348 88348 
Analytical Li • it. RM 8.9 RM 14 .6 RM 21.1 RM 42 .1 RM 42 . j 

Code Co• pound (ppb) Spring Spring Spring Spring Spr ing 

---------- ---------- ---------- ----------
________ .. _ 

---------- ---------- ----------
728 ICP llet.111 

All &try 11 iu, 6 (5 (6 (6 (6 (6 

M13 St.ront.iu• 21 161 132 333 119 llQ 

Al4 Zinc 5 47 11 17 23 11 

Al6 C1lciu1 61 41797 23981 46521 24289 28492 

AH Bariu• 8 52 43 81 ¢8 64 

Al7 Cad• iua 2 (2 (2 (2 (2 (2 

Al8 Chro• i .. 11 (11 (11 (11 (11 (11 

All Si Iver 11 (11 (11 (11 (11 (11 

All Socliu• 2H 4337 3186 21436 11289 12321 
Al2 Nickel 11 (11 (11 (11 (11 (11 
Al3 Copper 11 (11 (11 (11 34 (11 
Al4 Y1nadi1111 6 (6 (6 18 (6 (5 

Al6 Ant.i•ony lH (lH (lH (lH (111 (111 
Al8 Alu• inua 161 (161 (161 3M (161 (151 
Al7 Mangan ... Ii 8 7 24 (6 5 

Al8 Pot.aui .. lH 1883 923 2784 2493 2481 
Al9 Iron 31 113 (31 4Sl 87 121 
A61 MagnHiu• 61 81.4 6417 13127 4684 4821 

727 Enhanced Thioure• 
A24 Th iourH 2H (2H (2H (211 (211 (211 

A26 l-Acetyl-2-Thioure• 2H (2H (2H (2H (211 (211 

A28 1-(1-Chlorophenyl)-Thioure, 211 (2H (211 (2H (211 (211 

A27 Diet.hyl1t.ilbe1t.rol 2H (211 (2H (211 (211 (211 

A28 Et.hylenet.hioure, 211 (2H (2H (2H (211 (211 

A29 l-N1pht.hyl-2-Thioure1 2H (2H (2H (2H (211 (211 

A32 N-Phenylt.hiour11 SN (611 (611 (611 (611 (SH 

729 Enhanced P11t.icid11 
A33 Endr in 1.1 (1 .1 (1 .1 (1 .1 (1 .1 (1 .1 
A34 Wet.ho1ychlor 3 (3 (3 (3 (3 (3 
A36 To11ph1ne 1 (1 (1 (1 (1 (1 

A38 Alpha BHC 1.1 (1 .1 (I .I (1 .1 (1 .1 (1 .1 

A37 Bet.a BHC 1.1 (1 .1 (1 .1 (1 .1 (1 .1 (1 .1 
A38 GHIi BHC 1.1 (1 .1 (1 .1 (1 .1 (1 .1 (8 .1 
A39 Delta BHC 1.1 (1.1 (1 .1 (1 .1 (1 .1 (8 .1 
A41 DOD 1 .1 (1 . 1 (1 .1 (8 .1 (1 .1 (1 .1 

A41 DOE 1.1 (1 .1 (1 .1 (1 .1 (1 .1 (1 .1 

A42 DDT " . 1 (1 .1 (1 .1 (1 .1 (1 .1 (8 .1 

A43 Hept.achlor 1.1 (1 .1 (1 .1 (1 .1 (II . 1 (8 .1 

A44 Hept.achlor Epo1ide " .1 (1 .1 (1 .1 (1 .1 (1 .1 (8 . l 

8.12 



TABLE B.7. (contd) 

Detection 88361 88363 88366 88367 883511 

Ana lytic1 I Li • it Byers Lndg SI ide Seep Ringold Priest Rapid Richland 
Code Co• pound (ppb) Irr Rt.n Irr Rt.n River Pu• phouse 

---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
728 ICP Met.ala 

All Bery 11 iu• 6 (5 (S (5 (5 (S 

Al! Strontiu• 21 323 11145 3711 125 120 
Al4 Zinc 6 8 18 8 12 g 

Al6 Calciu• 58 4568" 93819 52918 21657 213e2 
Al8 Bariu• 8 83 84 63 33 32 
A87 Cad• iu• 2 (2 (2 (2 (2 (2 
Al& Chro• iu• 11 (11 <Hl (18 (18 (lll 

All Si Iver 11 (11 (18 (18 (18 (18 
All Sodiu• 211 421176 ?2148 47726 2452 2563 
A12 Nickel 11 (11 (18 (11 (11 (18 
Al3 Copper 11 (11 (11 (11 (11 (11 
A14 Vanadiu• 6 13 8 16 (5 (5 
A15 Ant.i •ony 111 (111 (Ull (111 (lH (11!8 
A18 Alu• inu• 161 (151 8112 (151 (151 (150 
Al7 W1ngan111 5 11 93 11 14 8 
Al8 Pot.usiu• llil 5187 21515 73115 811 862 
Al!I Iron 31 156 1596 21!8 161 37 
A61 Wagn11iu1 61 21418 48426 25446 4777 4567 

727 Enhanced Thiourea 
A24 Thiourn 211 (21!8 (211 (21118 (21118 (2H 
A26 l-Acet.yl-2-Thiourea 211 (211 (21!8 (21!8 (21!8 (2118 
A26 1-(1-Chlorophenyl)-Thiourea 2H (211 (21118 (2118 (298 (2H 
A27 Diet.hylst.i lbestrol 281 (2H (2H (2H (288 (2H 

A28 Ethylenethiourea 211 (281 (2118 (2H (2111 (2H 
A2!1 l-Napht.hyl-2-Thiourea 211 (281 (21!8 (2H (21!1 (2118 
A32 N-Phenylthiourea SH (SH (SH (SH (SH (SH 

729 Enhanced Pesticides 
A33 Endr in 1. 1 (1 .1 (1 .1 (1 .1 (8 .1 (8 . l 
A34 W.thoxychlor 3 (3 (3 (3 (3 (3 
A36 Tonphene (l (1 (l (1 t• , 1 

A38 Alpha BHC 1.1 (8 .1 (0.1 (8 . l (8 . l (0 .1 
A37 Beta BHC 8.1 (0 . l (11 . l (11 . l (11 . l (0 .1 
A38 Ga•• a BHC 8.1 (8 .1 (8 .1 (0.1 (0 . l (0 .1 
A39 Del ta BHC 0.1 (0 .1 (8 .1 (0 .1 (0 .1 (0 . l 
A41 DDD 1.1 (ll . l (8 . l (0 . l (0.1 (0 .1 
A4l DDE 0 . l (8 .1 (8 .1 (IU (ll . l (0 . l 
A42 DDT 11 .•l (8 .1 (0.1 (ll . l (0 .1 (0 l 
A43 Heptachlor 1.1 (8 . l (0 .1 (ll . l (8 .1 (0 1 
A44 Heptachlor Epo1ide ll. l (8 .1 (8 .1 (8 .1 (8 .1 (0 .1 



TABLE B.7. (contd) 

0.t.ect-ion 88318 88322 88336 88348 88348 

Analyt.ical Li • it. RM 8.9 RM J.4.6 RM 28 .1 RM 42 .1 RM 42 .3 

Code C011pound (ppb) Spring Spring Spring Spring Spring 

---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
MB Diel:lrin 1.1 (1 . 1 (1 .1 (1.1 (1 .1 (1 .1 

M7 Aldrin 1. 1 (1 . 1 (1 .1 (1 . 1 (1 .1 (1 .1 

A48 Chlordane 1 (1 (1 (\ (1 (1 

M9 Endo•ulhn I 1.1 (1 . 1 (1 .1 (1 . 1 (1.1 (1 .1 

Ali2 Endoau I hn II 1.1 (1 .1 (1 .1 (1 .1 (1 .1 (1 .1 

Cll2 Ch I orobenz i I at.e 31 (31 (31 (31 (31 (31 

Xll DBC 1 (1 (1 (1 (1 (1 

731 Volat.ile Organic C011pound1 
Ml Tet.rachloroeet.hane s (Ii (5 (5 (S (S 

A82 Benz- 5 (Ii (5 (5 (Ii (5 

Aa3 Dionne 611 (5N (SN (SN (5N (5ff 

A84 llet.hylet.hyl Ket.one 11 (11 (11 (11 (11 (11 

A86 Pyridine SN (SH (liN (SN (511 (SH 

AM Toluene 6 (6 (6 (6 (5 (5 

A87 1,1,1-Trichloroet.han• 6 (5 (Ii (6 (6 (Ii 

AM 1,1,2-Trichloroet.hane 6 (6 (6 (6 (6 (5 

A89 1,1,2-Trichloroet.h- 6 (5 (5 (Ii (5 (Ii 

A71 Perchloroet.hyl- Ii (Ii (6 (6 (Ii (6 

A71 Xylene (0, P) 6 (Ii (6 (6 (6 (5 

914 Xylene (V) Ii (6 (6 (6 (5 (5 

A78 llet.hy I Broe i de 11 (11 (11 (11 (11 (11 

A77 Carbon Oiaulfide 11 (11 (11 (11 (11 (11 

A78 Chlorobenzene 11 (11 (11 (11 (11 (11 

A79 2-Chloroet.hyl,inylet.her 11 (11 (11 (11 (11 (11 

A81 Ch lorofor• Ii (6 (5 (Ii 24 19 

Aal Chloroeet.hane 11 (11 (11 (11 (11 (11 

Aa9 1,1-Dichloroet.han• 11 (11 (11 (11 (11 (11 

Ail 1,2-Dichloroet.han• 11 (11 (11 (11 (11 (11 

A91 Tr1n1-1,2-Dichloroet.h•n• 11 (11 (11 (11 (11 (11 

A92 1,1-Dichloret.hen• 11 (11 (11 (11 (11 (11 

A93 llet.hylene Chloride 11 (11 (11 (11 (11 (11 

A94 1,2-Dichloropropan• 11 (11 (11 (11 (11 (11 

A95 1,3-0ichloropropenu 11 (11 (11 (11 (11 (11 

918 1,1,2,2-Tet.rachloroet.hane 11 (11 (11 (11 (11 (11 

918 Broeofor• 11 (11 (11 (11 (11 (11 

913 Vinyl Chloride 11 (11 (11 (11 (11 (11 

1188 Heron• 11 (11 (11 (11 (11 (111 

A72 Acrolein 11 (11 (11 (11 (11 (11 

A73 Acrylonit.ri le 11 (11 (11 (11 (11 (11 

A74 Bis (Chloroeet.hyl) Et.her 11 (11 (11 (11 (11 <11 



TABLE B.7. (contd) 

Detection 88361 88363 88366 88367 8836!1 
Analytical Li • it By1r1 Lndg SI id, Sup Ringold Pri11t Rapid Richland 

Code Coapound (ppb) Irr Rtn Irr Rtn River Pu1phou11 

---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
729 Enhanced Put.icidu 

A48 Dieldrin 1.1 (1 .1 (1.1 (1 .1 (1 .1 (1 .1 
M7 Aldr in 1.1 (1 .1 (1.1 (1 .1 (1 .1 (1 .1 
M8 Chlordane 1 (1 (1 (1 (1 (1 
A4!1 Endo1ulhn I 1.1 (1 .1 (1.1 (1 .1 (1.1 (1 .1 
A62 Endo1u I hn II 1.1 (1.1 (1 .1 (1 .1 (I . : (1 .1 
C82 Chlorobenzi late 31 (31 (31 (31 (31 (31 
Xll D8C 1 (1 (1 (1 (1 (1 

731 Vol1t.il1 Organic Coapound1 
Ml T1t.rachlor0111t.han1 6 (6 (6 (6 (6 (6 
A82 Benz- 6 (6 (6 (6 (6 (6 
A83 Dionne SN (SN (SN (6H (SN (SH 
A84 lilethyl1t.hyl Ket.on• 11 (11 (11 (11 (11 (11 
MS Pyridine SN (SN (6H (SN (6H (SH 
AU Toluene 6 (6 (6 (6 (6 (5 
A87 1,1,1-Trichloro• t.han, 6 (5 (6 (6 (6 (5 
AU 1,1,2-Trichloro• t.han• 6 (6 (6 (6 (6 (6 
AS!I 1,1,2-Trichloro• t.h• n• 6 (6 (6 (6 (6 (6 
A71 P1rchloro• thyl•n1 6 (6 (6 (6 (6 (5 
A71 Xy len• (0, P) 6 (6 (6 (6 (6 (5 
B14 Xy l•n• (II) 6 (5 (5 (5 (5 (6 
AU, lilet.hy: Broa id• 11 (11 (11 (11 (11 (11 
An Carbon Di1ulfid1 11 (11 (11 (11 (11 (11 
A78 Chlorob1nz•n1 11 (11 (11 (11 (11 (11 
A7!1 2-Chloro• t.hylvinyl1th1r 11 (11 (11 (11 (11 (11 
A81 Chlorofor• 6 (6 (6 (6 (5 (5 

A81 Chloroa1th1n1 11 (11 (11 (11 (11 (11 
A8!1 1,1-Dichloro• t.han• 11 (11 (11 (11 (11 (11 
A!II 1,2-Dichloro• than• 11 (11 (11 (11 (11 (11 
A!ll Tran1-l,2-Dichloro• t.h1n1 11 (11 (11 (11 (11 (11 
A!12 l,l-Dichlor1th1n1 11 (11 (11 (11 (11 (11 
A!l3 lilethyl •n• Chloride 11 (11 (11 (11 (11 (11 
A!l4 1,2-Dichloropropan• 11 (11 (11 (11 (11 (11 
A!l5 l,3-Dichloroprop• n11 11 (11 (11 (11 (11 (11 
818 1,l,2,2-T1t.r1chloro1t.han1 11 (11 (11 (11 (11 (11 
818 Bro•ofora 11 (11 (11 (11 (11 (11 
B13 Viny I Chi or id, 11 (11 (11 (11 (11 (11! 

H88 H11on1 11 (11 (11 (11 (11 (11 
A72 Acrolein 11 (11 (11 (11 (11 (11 
A73 Acrylonitri le 11 (11 (11 (11 (11 (18 
A74 Bis (Chloroa,t.hyl) Ether 11 (11 (11 (11 (11 (11 



TABLE B.7. {contd) 

O.t.ection WlS W22 88335 U3-4e 88348 
Analytical Li • it RIii 8.!I RIii 14 .5 RIii 21. l RIii 42 .1 RIii 42 .3 

Code Caapound (ppb) Spr i119 Spri119 Spring Spring Spring 

--------- --------- ---------- ---------- ---------- ---------- ---------- ----------
731 Vol1til1 Orpnic Co• pounda 

A75 9,... Ac•~ 11 (11 (11 (11 (11 (ll' 

Al2 Ollo,_.thylNthyl• th• r 11 (11 (11 (11 (11 (11 
w Croton. ldehyde 11 (11 (11 (11 (11 (11 
Al4 1,2-0ib,.__3-Chloroprop1n• 11 (11 (11 (11 (11 (11 
Al5 1,2-0ib-• th- 11 (11 (11 (11 (11 (11 
AN Dib_th_ 11 (11 (11 (11 (11 (11 
M7 1,4-0ichloro-2-&it.M 11 (11 (11 (11 (11 (11 
Aa8 Di ch I orocl if I 1111,._U.an• 11 (11 (11 (11 (11 (11 
A99 N,N-Oi• thy lhydruin• 11 (11 (11 (11 (11 (11 
A99 Hydrogen Su If i de 11 (11 (11 (11 (11 (11 
Bil Iodo NU.- 11 (11 (11 (11 (11 (11 
812 Methacrylonitri 11 11 (11 (11 (11 (11 (11 ., Meth-thiol 11 (11 (11 (11 (11 (11 
814 Pwt\achloro• th- 11 (11 (11 (11 (11 (11 
815 1,1,1,2-T• tr.c:hloro• than• 11 (11 (11 (11 (11 (11 
11111 Trichlo,_th_thiol 11 (11 (11 (11 (11 (11 
811 Trichlorofl1111,...th1n• 11 (11 (11 (11 (11 (11 
811 Tri ch I oropropMM 11 (11 (11 (11 (11 (11 
812 1,2,J-Trichloropropan• 11 (11 (11 (11 (11 (11 
815 Di1thyl1rsin• 11 (11 (11 (11 (11 (11 
C71 Foruldehyd• 511 (SIi (511 (511 (SN (SN 

Cl4 lllthy I lllthac ry I 1t.e 11 (11 (11 (11 (11 (11 
HN ahy I lllthac ry I 1t.e 11 (11 (11 (11 (11 (11 
819 Ac• t.onitri I• 3 pp• (J !'P'I (3 pp• (3 pp• (3 pp• (J pp• 
1115 EUiy 1- 01 id• 3 pp• (3 pp• (3 pp• (3 pp• (3 pp• (3 pp• 

733 S.i-Volati I• Orpnic Co•pounds 
1129 Ani I in• ( 11 ( 11 < 11 ( 11 < 11 < 11 
831 ll•nz(A)AntJlrac- < 11 ( 11 < 11 < 11 < 11 < 11 
833 ll•nzidin• ( 11 ( 11 ( 11 ( 11 < 11 ( 11 
834 B•nzo (8)FI 1111rsnth•n• < 11 ( 11 < li ( 11 ( 11 < 11 
Im Bis(2-Chloro• tho1y)IIIU.1n• ( 11 < 11 < 11 < 11 < 11 ( 11 
an Bi 1(2-Ch loro• U.y I) Ether ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
8't Bis {2-EUiy lh•1y I )PhUl1 I 1te ( 11 < 11 ( 11 ( 11 ( II 11 
841 4-Br-.,h•nyl Phenyl Ether ( 11 < 11 ( 11 ( 11 ( 11 11 
842 &ity I B•nzy I PhU.1 I 1t.e < 11 ( 11 ( 11 ( 11 ( 11 ( 11 
845 P-Chloro1ni I in• ( 11 ( 11 ( 11 ( 11 ( 11 ( II 
848 P-Chloro lf-Cruol ( 11 ( 11 ( 11 ( 11 ( I! ( 11 
841 2-Chloron1phth1I- < 11 ( 11 < 11 II ( II 11 
84!1 2-Ch I orG9h•nc, I ( 11 ( 11 < 11 < 11 < 11 11 
851 ChryHM < 11 ( 11 < 11 < 11 ( 11 11 



TABLE B.7. (contd) 

Detect.ion 88351 88363 8831ili 88357 81359 
An1lyt.ic1I Li1it. Byer, Lndg SI ide Seep Ringold PriHt. R1pid Richl1nd 

Code Coepound (ppb) Irr Rtn Irr Rtn Riwer Pu1phou11 

---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
731 Volat.ile Organic Coepound1 

A71i Br- Acet.one 11 (11 (11 (11 (11 (11 
Al2 Chlorwet.hy INt.hy let.her 11 (11 (11 (11 (11 (11 
All Crot.oftaldehyde 11 (11 (11 (11 (11 (11 
Al4 1,2-Dibr--3-Chloropropane 11 01 (11 (11 (11 (11 
Alli 1,2-Dib,--t.hine 11 (11 (11 (11 (11 (11 
AU Dib,._t.h,ne 11 (11 (11 (11 (11 (11 
Al7 1,4-Dichloro-2-But..ne 11 (11 (11 (11 (11 (11 
All Dichlorodifl110r-t.hane 11 (11 (11 (11 (11 (11 
AN N,N-Diet.hylhydra1ine 11 (11 (11 (11 (11 (11 
A99 lfydl'Of'II Sulfide 11 (11 (11 (11 (11 (11 
Bil Iodo Nt.hlM 11 (11 (11 (1!11 (11 (11 
912 IIJlt.hacrylOftit.ri le 11 (11 (11 (11 (11 (11 
1113 llllt.h-t.hiol 11 1.ll (11 (11 (11 (11 
1114 Pwiuc:h loroet.h- 11 (11 (11 (11 (11 (11 
BIii 1,1,1,2-Tet.rachloroet.hine 11 (11 (11 (11 (11 (11 
919 Tr ich lorwet.h-t.h i•I 11 (11 (11 (11 (11 (11 
811 Trichlorofl110r-t.h1111 11 (11 (11 (11 (11 (11 
811 Trichloropro,ane 11 (11 (11 (11 (11 (11 
812 1,2,3-Trichloropropine 11 (11 (11 (11 (11 (11 
Blli Diet.hylar1ine 11 (11 (11 (11 (11 (11 
C71 Fo,..1 I dehyde liN (liN (liN (liN (liN (SH 

Cl4 llllt.hy I llllt.hac ry I at.I 11 (11 (11 (11 (11 (11 
HN Et.hy I llllt.hac ry I 1t.e 11 (11 (11 (11 (11 (11 
919 Acet.oft i t.r i I e 3 ppia (3 ppia (3 ppia (3 ppia (3 ppia (3 ppa 

Hlli Et.hyl- D1ide 3 ppia (3 ppil (3 ppe (3 ppia (3 ppil (3 ppe 

733 S.i-Volat.ile Organic Coapound1 
1129 Ani I ine ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
831 Benz (A)Ant.hrace,,e ( 11 ( 11 ( 11 < 11 < 11 ( 11 
BSl Ben1idine ( 11 ( 11 ( 11 ( 11 < 11 ( 11 
834 Ben1o(B)Fl110rant.hene ( 11 ( 11 ( 11 < 11 < 11 ( 11 
1131 Bi1(2-Chloroet.ho1y)llllt.h1ne < 111 ( 11 < 11 < 11 ( 11 ( 11 
839 Bi1(2-Chloroet.hyl)Et.her ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
8'1 Bi1(2-Et.hylhe1yl)Pht.h1lat.e ( 11 ( 11 < 11 < 11 ( 11 < 11 
8'1 4-Br-phenyl Phenyl Et.her < 11 ( 11 ( 11 ( 11 ( 11 ( 11 
8'2 But.y I Ber.zy I Pht.ha I 1t.e < 11 < 11 ( 11 ( 11 ( 11 ( 11 
8'& P-Ch I oro1n i I i ne < 11 ( 11 < 11 ( 11 ( 11 11 
8'a P-Chloro lf-Creaol ( 11 ( 11 ( 11 ( 11 ( 11 11 
9'8 2-Chloronapht.halene ( 11 ( 11 < 11 ( 11 ( 11 ( 11 
8'9 •2-Chloroph.nol ( 11 ( 11 ( 11 ( 11 < 11 ( 11 
851 ChryHne ( 11 ( 11 ( 11 ( 11 11 ( II 



TABLE B.7. (contd) 

Detect.ion 88318 88322 88335 88348 88348 

An1lyt.ic1I Li • it. RM I . II RM 14 . 5 RM 21 .1 RM 42 .1 RM 42 .3 

Code C1111pound (ppb) Spring Spring Spring Spring Spring 

---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
733 s.• i-Vol1t.il, Organic C1111pound1 

856 Dibeni(A,H)Ant.hrK- ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

BU D i-N-lklt.y I Pht.h1 I 1t.e ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

Bel 1, 2-D i ch I oroben,_ ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

882 1,3-Dichlorobenien, ( 11 ( 11 ( 11 ( 11 ( 11 < 11 

883 1,4-Dich loroben,_ ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

884 3,3'-Dichlorobeniidin, ( 21 ( 21 ( 21 ( 21 ( 21 ( ~I 

885 2,4-Dichloroph-l ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

887 Diethyl Pht.h1l1t.e ( 11 ( 11 ( 11 ( 11 ( 11 < 11 

875 2,4-DiNt.hylph-l ( 11 < 11 ( 11 ( 11 ( 11 ( 11 

878 DiNt.hyl Pht.h1l1t.e ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

871 4,8-Dinit.ro-0-Creaol ( 11 ( 11 ( 11 ( 11 ( 11 < 11 

BU 2,4-Dinit.rot.olu- ( 11 ( 11 ( 11 ( 11 ( 11 < 11 

811 2,8-Dinit.rot.ol- ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

882 D i-N-Oct.y I Pht.h1 I 1t.e ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

814 1,2-Diphenylhydr11ine ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

BU Fluor1nt.hMe ( 11 ( 11 < 11 ( 11 ( 11 ( 11 

819 He1Khloroben1- ( 11 ( 11 ( 11 ( 11 ( 11 < 11 

891 He1Khlorobut.tdi- ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

891 He11chlorocyclopent.adi- ( 11 < 11 ( 11 ( 11 < 11 ( 11 

892 He1Khloroet.h1ne ( 11 < 11 ( 11 < 11 ( 11 ( 11 

893 !nd,no(l,2,3-CD)Pyr•ne < 11 ( 11 ( 11 ( 11 ( 11 ( 11 

C54 He1Khloroph- ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

C55 N1pht.h1len, ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

C12 Nit.robin,_ ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

Cl7 N-Nit.roaodiNt.hylHin ( 11 ( 11 ( 11 ( 11 ( 11 < 11 

C57 Ph-I ( 11 ( 11 .< 11 ( 11 ( 11 ( 11 

C43 1,2,4-Trichlorobenien• ( 11 ( 11 < 11 ( 11 < 11 ( 11 

879 2,4-Dinit.rophenol ( 51 ( 51 ( 51 ( 51 ( 51 ( 51 

Cl! 4-Nit.ropheMI ( SI ( SI ( SI ( SI ( SI < 51 

Cll Par1-Nit.ro1n i I ine ( SI ( SI < SI ( SI ( 51 ( 51 

C21 Pent.achloroph-1 < SI ( SI ( SI ( 51 ( 51 ( 51 

C44 2,4,6-Trichloroph•nol ( 51 ( 51 ( SI < SI ( 51 < 51 

C45 2,4,8-Trichloroph,nol ( 11 ( 11 ( 11 ( 11 < 11 ( 11 

cse 1,2,3-Trichlorobeni•n• ( 11 ( 11 < 11 ( 11 < 11 ( 11 

cse 1,3,6-lrichlorobenz•n, < 11 ( 11 ( 11 < 11 ( 11 ( 11 

C37 l,2,4,S-T,t.r1chloroben1•n• < 11 ( 11 ( 11 ( 11 < 11 ( 11 

C59 1,2,3,4-Tet.rKhlorobenz•n, ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

C81 1,2,3,5-Tet.rKhlorobenz•n• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

c28 P•nt.Khlorobeni•n• ( 11 < 11 ( 11 ( 11 < 11 ( 11 

851 Cr•sola ( 11 ( 11 ( 11 ( 11 ( 11 < 11 

816 N-Nit.ro1odinpropyl1• in• ( 11 ( 11 < 11 ( 11 ( 11 < 11 



TABLE B.7. (contd} 

O.t.ect.ion 88351 88353 88355 88357 88359 
Analytical Li • it. Byera Lnd9 SI ide S..p Ringold PriHt. Rapid Richland 

Code Co• pound (;>pb) Irr Rt.n Irr Rt.n Ri••r Pu• phouH 

---------- ---------- ---------- ---------- ---------- ---·------ ---------- ----------
733 S.i-Volat.i le Organic Co• pounda 

855 Oibenz(A,H)Ant.hrK- ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
11111 Di-N-But.yl Pllt.halat.e ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
851 1,2-Dichlorobenz- ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
852 1,3-Dichlorobenz- ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
853 1,4-Dichlorobenzen• ( 1: ( 11 ( 11 ( 11 ( 11 ( 11 
85-4 3,3'-Dichlorob•nzidin• ( 21 ( 21 ( 21 ( 21 ( 21 ( 21 
855 2,4-Dichloroph•nol ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
857 Di et.hy I Pitt.ha I aw ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
875 2,4-Di11t.hyl~I ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
878 Di11t.hyl Pllt.halat.e ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
871 4,8-Dinit.ro-0-Creaol ( 11 '( 11 ( 11 < 11 ( 11 ( 11 
11111 2,4-Dinit.rot.ol- ( 11 ( 11 < 11 ( 11 ( 11 < 11 
851 2,8-Dinit.rot.ol- ( 11 < 11 ( 11 ( 11 ( 11 ( 11 
852 Di-N-Oct.y I Pitt.ha I 1t.e ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
85-4 1,2-Diphenylhydrazin• ( 11 < 11 ( 11 ( 11 ( 11 ( 11 
888 Fluoran~ ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
859 H•1Khlorobenz- ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
1191 H•1Khlorobut.edi- ( 11 ( 11 ( 11 ( 11 ( 11 < 11 
891 H•1Khlorocyclopent.edi1n1 ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
892 H•1achloroet.h- ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
893 Ind•no(l,2,3-CO)Pyr- ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
CS-4 H•1Kh lorophen• ( 11 ( 11 ( 11 < 11 ( 11 , 11 

C51i Napht.hal- ( 11 ( 11 ( 11 ( 11 (--11 ( 11 
Cl2 Nit.robenz- < 11 ( 11 ( 11 ( 11 ( 11 ( 11 
Cl7 N-Nit.roaodi11t.hylMin , 11 ( 11 ( 11 ( 11 ( 11 ( 11 
Cli7 Ph•nol ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

- C43 1,2,4-Trichlorobenzen• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
879 2,4-Dinit.roph•nol ( 51 ( 51 ' ( 51 ( 51 ( 51 ( SI 
cu 4-Nit.rophenol ( 51 ( 51 ( 51 ( 51 ( 51 ( 51 

Cll Para-Nit.roanilin• ( 51 ( 51 ( SI ( 51 ( ti ( SI 
C21 Pent.Kh I oropheno I ( 51 ( 51 ( 51 < 51 ( 51 ( SI 

c« 2,4,S-Trichlorophenol 
' 51 

< 51 < 51 ( SI ( 51 ( SI 

cu 2,4,8-Trichloroph•nol ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
C58 1,2,3-Trichlorobenzen• ( 11 ( 11 < 11 ( 11 ( 11 ( 11 
cu 1,3,S-Trichlorobenzen• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
C37 1,2,4,S-Tet.rKhlorob•nz•n• ( 11 ( 11 ( 11 ( 11 ( 11 < 11 
CS9 1,2,3,4-Tet.rachlorob• nz•n• ( 11 ( 11 ( 11 ( 11 ( ~" ( 11 
CY 1,2,3,5-Tet.rKhlorob•nz•n• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
C28 Pent.achlorobenz•n• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
851 Cresola ( 11 ( 11 < 11 ( 11 ( 11 ( 11 
885 N-Nit.roaodinpropyla• ine ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 



TABLE B.7. (contd) 

Det.ection 18318 88322 88336 18348 88348 
An1lytic1I Li• it RM 1.9 RM 14 .6 RM 28 .1 RM 42 .1 RM 42 .3 

Code Co• pound (ppb) Spring Spring Spring Spring Spring 

---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
733 S..i-Yol1t.il, Organic Coepound1 

C49 llenzo(A)Pyr- ( 11 ( 11 < 11 ( 11 ( 11 ( 11 
en 8i1(2-Chloroiaopropyl) Et.her < 11 ( 11 ( 11 ( 11 ( 11 ( 11 
121 Tributylphoaphat.e ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
821 Acet.ophenoM ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
821 l1rhrin ( 11 ( 11 ( 11 ( 11 ( 11 ( lfi 

822 2-Acet.ylNinofluoren, ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
823 4-Aainobiphenyl ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
824 6-(Aai-t.l,71)-3-Iao11zolol ( 11 < 11 ( 11 ( 11 ( 11 < 11 
826 All it.role ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
827 ArNit.e ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
821 AurNine ( 11 ( 11 ( 11 ( :ii ( 11 ( 11 
829 llenz(C)Acridine ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
831 Benz-, Dichlor-t.1,yl ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

832 a.n, .. t.ho i I ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

ma P-llenzoquinone ( 11 ( 11 ( 11 ( 11 < 11 ( 11 
837 llenzyl Chloride ( 11 ( 11 ( 11 ( 11 < 11 ( 11 
1143 2-s«-But.71-4,1-Dinit.roph.nol ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
1144 Chloroalkyl Et.here ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
1147 1-Chloro-2,3-Epo1yprop1ne ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
852 2-Cyclohe17I- ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

4,1-Dinitro,ii-l 
853 Dibenz(A,H)Acridine < 11 ( 11 ( 11 ( 11 ( 11 ( 11 
1154 Dibenz(A,J)Acridin, ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

ase 7H-Dibenzo(C,O)C1rb1zol1 ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
867 Dibenzo(A,E)Pyr- ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

ase Dibenzo(A,H)Pyrene ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
869 Dibenzo(A,I)Pyr- ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

see 2,8-0ichlorophenol ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

sea Oihydroaafrole ( 11 ( 11 < 11 ( 11 ( 11 ( 11 

8811 3,3'-DiNthoiybenzidine ( 11 ( 11 < 11 ( 11 ( 11 ( 11 
871 P-DiNt.l,ylNillOIZObenz,n, ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
871 7,12-DiNt.1,ylbenz(A) ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

Ant.l,rac-
872 3,3'-0iNt.l,ylbenzidin, ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

873 Thiohno1 ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

874 Alpha, Alph1-Di•1thylph•n,- ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
t.i,yl•ine 

877 Din itrobenzene ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

883 Diphenyl•ine ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

888 Ethyl-i • ine ( 11 ( 11 "( 11 ( 11 ( 11 ( 11 

887 Ethyl Met.l,1n,1ulfon1te ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
894 Iao11frol1 ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 



TABLE B.7. (contd) 

O.t.ec:t.ion 88361 88363 88366 88367 88369 
Analytical Li • it Byer• Lndg SI id• S•• p Ringold Prie1t. Rapid Richland 

Cod• Co• pound (ppb) Irr Rtn Irr Rt.n RiY• r Pu•phous• 

---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
733 S•• i-Vol1til• Organic Co• pound1 

C49 B•n1o(A)Pyr•n• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
C51 Bi1(2-Chloroiaopropyl) Ether ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
121 Tributylpho1ph1t• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

B21 Acetoph•non• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

B21 larhrin ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

B22 2-Ac• tyluinofluor•n• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
B23 4-A• inobiph•nyl ( 11 ( 11 ( 11 ( 11 ( 11 ( 111 

824 6-(A• in-thyl)-3-Iaox11olol ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

B25 A• it.rol• ( 11 ( 11 ( 11 ( 11 < 11 ( 11 

827 Aruit• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

821 AurNin• ( 11 ( 11 ( 11 ( 11 ( 11 < 11 
ffl B•n1(C)Acr id in• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

831 B•n1•n• , Dichlor-thyl ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

832 B• nz••• t.ho i I ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

838 P-B•nzoquinon• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
837 B• n1yl Chloride ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
B43 2-S•c-Butyl-4,8-Dinit.roph• nol ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
844 Chloroalkyl Ethers ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

847 1-Chloro-2,3-E,o1yprop1n• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

862 2-Cycloh• xy 1- ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
4,8-Dinitroph-l 

863 Dib•n1(A,H)Acridin• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

B54 Dib•n1(A,J)Acridin• ( 11 ( 11 ( 11 ( 11 ( 11 ~ 11 
B68 7H-Dib•n1o(C,G)C1rb1zol• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

867 Dib•n1o(A,E)Pyr- ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

861 Dib•n1o(A,H)Pyr•n• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

B69 Dib•nzo(A,I)Pyr•n• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

BM 2,8-Dichloroph•nol ( 11 ( 11 ( 11 ( 11 ( 11 < 11 

eea Di hyd ro11fro I• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

Be9 3,3'-Di •• thoxyb•niidin• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

871 P-Di1• thyla1ino1zob• n11n• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

871 7,12-Di •• t.hylb• nz(A) ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

Anthr1c•n• 
872 3,3'-Di •• thylb•niidin• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

873 lniohnox ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

874 Alpha, Alph1-Di1• thylphen•- ( 11 ( 11 ( 11 ( 11 ( 11 11 

thyl11in• 
877 Dinitrob•ni•n• ( 11 ( 11 ( 11 ( 11 ( 11 11 

883 Diph•nyla• in• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

888 Ethylen• i• in• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

887 Ethyl Yeth1n•1ulfon1t• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

894 Iso11frol • ( 11 ( 11 ( 11 ( 11 ( 11 ( 19 



TABLE B.7. (contd} 

Detection 88318 88322 88336 88348 88348 

An1lytic1I Li• it RM 8.9 RM 14 . 5 RM 28.1 RM 42.1 RM 42 .3 

Cod• Co•pouncl (ppb) Spring · Spring Spring Spring Spring 

---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
733 S.i-Vol•t.i le Organic Coepouncl1 

996 Mal-it.rile ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
1198 Malph1l1n ( 11 ( 11 ( 11 < 11 ( 11 < 11 
997 Mat.h•pyri 1- ( 11 ( 11 ( 11 < 11 ( 11 ( 11 
9118 lat.holonyl ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

9119 2-Mat.hyl •ziridine ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

Cll 3-Mathylchol•nt.hrene ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

Cl2 4,4 1 -Mathylenebi1(2-Chloro- ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
aniline) 

Cl3 2-llet.hyl lact.onitri le ( 11 ( 11 < 11 ( 11 ( 11 ( 11 
Cl6 Mat.hyl Mat.h1nuulfon1te ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
CN 2-Mat.hyl-2-(ll•t.hylt.hio)Prop- < 11 ( 11 ( 11 ( 11 ( 11 ( 11 

ion, I dehyde-1 • (ll• t.hy I• 
c1rbonyl)01iN 

Cl7 Mat.hylt.hiour•ci I ( 11 ( 11 ( 11 ( 11 ( 11 < 11 
CA 1,4-Napht.hoquinone ( 11 ( 11 ( 11 ( 11 < 11 ( 11 
CH 1-N•pt.hyluine ( 11 ( 11 ( 11 ( 11 ( 11 < 11 
Cll 2-Napt.hyluine ( 11 ( 11 ( 11 . ( 11 ( 11 ( 11 
Cl4 N-Nitroaodi-N-But.yluin• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

Cl6 N-Nit.roaodiet.h•noluine ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

Cl8 N-Nit.roaodiet.hyluin• ( 11 ( 11 < 11 ( 11 ( 11 ( 11 
C18 N-Nit.r-t.hylet.hyluine ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

Cl9 N-Nit.roao-N-Mat.hyluret.h•ne ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

C21 N-Nit.ro-t.hylvinylnine ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

C21 N-Nit.r-rpholine ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

C22 N-Nitroaonornicot.ine ( 11 ( 11 ( 11 ( 11 ( 11 < 11 
C23 N-Nitroaonopiperidine < 11 ( 11 < 11 ( 11 ( 11 ( 11 
C24 Nit.roaopyrrolidine ( 1, ( 11 ( 11 ( 11 ( 11 ( 11 
C26 6-Nit.ro-0-Toluidin• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
C27 Pent.achloronit.robenz- ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
C29 Phenacetin ( 11 < 11 ( 11 ( 11 ( 11 ( 11 
C3I Phenylenediuin• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
C31 Pht.h• I ic Acid Eater• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
C32 2-Picol in• ( 11 ( 11 ( 11 ( 11 < 11 < 11 
C33 PronNide < 11 ( 11 ( 11 ( 11 ( 11 ( 11 
C34 Ruerpine ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
C36 Resc:orzinol ( 11 ( 11 ( 11 ( 11 < 11 ( 11 

C38 S•frol ( 11 ( 11 ( 11 ( 11 < 11 ( UI 

C3!1 2,3,4,8-Tetr•chlorophenol ( 11 ( 11 ( 11 ( 18 ( 11 ( I.I 

C41 Thiuru ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
C41 Toluenediuin• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

C42 0-Toluidine Hydrochloride ( 11 ( 11 ( 11 ( 11 ( 11 < 11 



TABLE B.7. (contd) 

Detection 88361 88363 88366 88367 88359 
Analytical l.i • it. Byera Lndg SI id• Seep Ringold Pri •at. Rapid Richland 

Cod• C011pound (ppb) Irr Rt.n Irr Rt.n RiY• r Pu• phouse 

---------- ---------- ---------- ---------- ---------- ---------- ---------- --------·--
733 SNi-Volat.il• Organic Co• pounda 

1196 llalononit.ri I• ( I. I ( ll ( 11 ( 11 ( 11 ( 11 

8l1e llalphalan ( 19 ( 11 ( 11 ( 11 ( 11 ( 11 
1197 llat.hapyri l•n• ( lf. ( 11 ( 11 ( 11 ( 11 ( 11 

1198 Mat.ho I ony I ( 11 ( 11 ( 11 ( 11 ( 11 < 11 
1199 2-lil• t.hylaziridin• ( 11 ( 11 ( 11 ( 11 ( 11 ( 18 
Cll 3-lil• t.hylcholant.hr•n• ( 11 < 1e ( 11 ( 11 ( 11 ( 11 
Cl2 4,4'-lil• t.hyl •n•bi • (2-Chloro- ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

ani I in•) 
Cl3 2-lil• t.hy 11 act.on i tr i I• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

Cl6 lil• t.hyl lil• t.hanuulfonat.e ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
Cle 2-lil• t.hyl-2-(lil• t.hylt.hio)Prop- ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

ionald•hyd• -1-(lil• t.hyl-
carbonyl)01 iN 

Cl7 lil• t.hylt.hiourKil ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
Cl8 1,4-Napht.hoquinon• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
Cl\1 1-Napt.hylNin• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
Cll 2-Napt.hyla• ir.# ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
Cl4 N-Nit.roaodi-N-But.ylNi~~ ( 11 ( 11 ( 11 ( 11 ( 11 < 11 
c~s N-Nit.roaodi1t.hanol11in1 < 1: ( 11 ( 11 ( 11 ( 11 ( 11 
C18 N-Nit.roaodi • t.hyla• in• ( 11 ( lli ( 11 ( 11 ( 11 ( 11 
C18 N-~it.ro10111t.hylot.hyla• in1 ( 11 < 11 ( 11 ( 11 ( 11 < 11 
Cl\1 N-Nit.roao-N-lil• t.hylur• t.han• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

C21 N-Nit.ro10111t.hylYinyl1• in1 ( 11 ( 11 ~ 11 ( 11 ( 11 ( 11 

C21 N-Nit.ro1011orpholin1 ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

C22 N-Nit.roaonornicot.in• ( 11 ( ti ( 11 ( 11 ( 11 ( 11 

C23 N-Nit.roaonopi~ridin• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
C24 Nit.roaopyrrolidin• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
C~6 6-Nit.ro-0-Toluidin• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
C27 P•nt.achloronit.rob• nz•n• ( 11 ( 111 ( 11 ( 11 ( 11 ( 11 
C29 Ph•nac• t.in ( 11 ( 1S < 11 ( 11 ( 11 ( 11 
C31 Ph•nyl •n•dia• in• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

.C31 Pht.ha I i c Acid Est.era ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
C32 2-Picol in• ( 11 ( 11 ( 11 ( 11 < 11 < 18 
C33 Prona• id• ( 11 ( 11 ( 11 ( 11 ( 11 ( 111 

C34 Re •• rpin• ( 11 ( 11 ( 11 ( 11 ( 11 ( 111 
C36 Reacorz i no I ( 11 ( 11 ( 11 ( 11 ( 11 ( 111 

CM Safrol ( 11 ( 11 ( 11 ( 11 ( 11 ( 111 
C39 2,3,4,8-T• t.rachloroph•nol ( 11 ( 11 ( 11 ( 11 ( 11 ( 111 
C41 Thiura• ( 11 ( 11 ( 11 ( 11 ( 11 ( 16 

C41 Tolu•n•dia• in• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

C42 0-Toluidine Hydrochloride ( 11 ( 11 ( 11 ( 11 ( 11 ( 18 



TABLE B.7. (contd) 

Detection 88318 88322 88336 88348 118348 

Analytical Li • it RII 8.9 RII 14 .6 RII 28 .1 111 42 .1 RII 42 .3 

Cod• Coapound (ppb) Spring Spring Spring Spring !ipring 

---------- ---------- ---------- ---------- ---------- ---------- ----------
__ .. , _______ 

733 S•i-Vol1til1 Organic Coapound• 
C48 0,0,0-Tri • thyl Phoaphoro- ( 11 ( ll ( 11 ( 11 ( 11 ( 11 

thioat.e 
C47 Sy• -Trinitrobenz- ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
C48 Tria(2,3-Dibroaopropyl)- ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

Pho• rh• t• 
cs, Chloron1ph11in1 ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
C52 H•••chloroprop• n• ( 11 ( 11 ( 11 ( 11 < 11 ( 11 
C79 KeroNne ( 11 ( 11 ( 11 ( 11 ( 11 < 11 
C92 Nal • ic Hydr11id1 (611 (SH (511 (611 (611 (!ill 

C93 Nicotinic Acid (lH (111 (lH (lff (111 (111 
C91 Strychnine ( 61 ( 61 ( 61 ( 61 ( 61 ( 51 

836 B•nzo(J)Fluor1nt.hen1 ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

734 Pho1phorou1 PNticid•• 
C81 T1tr11thylpyropho1ph1t.e 2 (2 (2 (2 (2 (2 
C83 C• rboph•not.hion 2 (2 (2 (2 (2 (2 
C84 Diaulfoton 2 (2 (2 (2 (2 (2 
C86 Di11tho1t.e 2 (2 (2 (2 (2 (2 

.cas ll• thylp• r• thion 2 (2 (2 (2 (2 (2 
C87 Ethyl P1r1thion 2 (2 (2 (2 (2 (2 

738 Direct Aqu•ou• Injection An1l71i1 
CS3 Hydr11in1 31111 (3111 (311ff (3111 (3111 (.3111111 
C91 Par• ld•hyd• 2111 (2111 (2111 (2ffl (2111 (2111 
C94 Acryl11id1 11111 (lHII (llffl (lllff (llffl (lHH 
C96 Al lyl Alcohol 2511 (2611 (2611 (2611 (2511 (2511 
C97 Chloro1cet1ld1hyd1 UIHI (1!1111 (lllffl (1811111 (18111 (181111 
C98 3-Chloropropionitri I• 4111 (4111 (4ffl (4111 (4ffl (4HI 
H13 Ethyl C1rb111t.e 6111 (SHI (SHI (51111 (SHI (511H 
H14 Ethy I Cyanide 21ff (21ff (2HI (2ffl (2111 (2111 

Hfi Iaobutyl Alcohol 1111 (1111 (lffl (1111 (1111 (llff 

Hll N-Propyluin• 11111 (11111 (lHII (11111 (11111 (11181 
H12 2-Propyn-1-0L SHI (8111 (8111 (8111 (8111 (81H 

737 Enhanced Herbicide• 
Hl3 2,4-0 2 (2 (2 (2 (2 (2 
Hl4 2(2,4,6-T)P 2 (2 (2 (2 (2 (Z 

Hlf. (2,4,6-T) 2 (2 (2 (2 (2 (2 



TABLE 8.7. (contd) 

Detection 88361 88363 88366 88367 88359 
Analytical Li • it By1r1 Lndg SI id, S1tp Ringold Prieat Rapid Richland 

Cod, Coapound (ppb) Irr Rtn Irr Rtn River Pu•phouse 

---------- ---------- ---------- --------- · ---------- ---------- --·------- ----------
733 S•i-Volatil, Organic Coapounda 

C411 0,0,0-Tri,thyl Phoaphoro- ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
thioate 

C47 Sy1-Trinitrobenz1n1 ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
C48 Tria(2,3-0ibroaopropyl)- ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

Pho1ph1te 
cs, Chloron1phuin1 ~ 11 ( 11 ( 11 ( 11 ( 11 < 11 
C62 H• x1chloroprop• n1 ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 
C7Q K• roNn• ( 11 ( 11 ( 11 ( 11 ( 11 ( 11 

C92 lilal• ic Hydr1zid1 (SH (611 (611 (611 (611 (SH 
C93 Nicotinic Acid (111 (111 (111 (111 (111 (111 
Clll Strychnine ( 61 ( 61 ( 61 ( 61 ( 61 ( 61 
836 B•nzo(J)Fluor1nth1n1 ( 11 < 11 ( 11 ( 11 ( 11 < 11 

734 Phoaphoroua P11ticid11 
Clll T1tra1thylpyropho1ph1t1 2 (2 (2 (2 (2 (2 
Cll3 Carboph,nothion 2 (2 (2 (2 (2 (2 
Cll-4 Diaulfoton 2 (2 (2 (2 (2 (2 
Cll6 Di •1thoate 2 (2 (2 (2 (2 (2 
CIIII W.thylparathion 2 (2 (2 (2 (2 (2 
Cll7 Ethy I Parathion 2 (2 (2 (2 (2 (2 

7311 Direct Aqueoua Injection Analysis 
C53 Hydrazine 3HI (3111 (3111 (3111 (3111 (3111 
CIII Par1ld1hyd1 2111 (2111 (2111 (2111 (2111 (21H 
C94 Aery 111 id• 11111 (11111 (111111 (11111 (11111 (11111 
C95 Al lyl Alcohol 2611 (2611 (2&11 (2611 (2611 (2611 
C97 Chloro1c1tald1hyd1 111111 (111111 (111111 (111111 (111111 (111111 
C98 3-Chloropropionitril, 4111 (4111 (4Hf (4111 (4111 (4111 
Hl3 Ethy I C1rb1• 1te 6111 (6111 (5111 (6111 (6111 (5111 
HU Ethy I Cyan id, 2111 (2111 (2111 (2111 (2111 (2111 
HH Isobutyl Alcohol 1111 (1111 (1111 (lffl (1111 (1111 
Hll N-Propyl11in1 11111 (lllff (11111 (lllff (11111 (11111 
H12 2-Propyn-1-0L 81111 (8111 (81H (BIii (8111 (8111 

737 Enhanced Herbicide• 
H13 2,4-D 2 (2 (2 (2 (2 (2 
HU 2(2,4,6-T)P 2 (2 (2 (2 (2 (2 
H15 (2,4, 5-T) 2 (2 (2 (2 (2 (2 



TABLE 8.7. (contd) 

Det.ect.ion 88318 88322 88336 88348 88348 
Analyt.ical Li • it. RM 8.9 RM 14 .6 RM 28 .1 RM 42 .1 RM 42 .3 

Code Co•pound (ppb) Spring Spring Spring Spring Spring 

---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
739 PCB Ana ly• i• 

A64 Arochlor 1118 4 (1 (1 (1 (1 
A66 Aroch I or 1221 1 (1 (1 (1 (1 
A5e Aroch I or 1232 1 (1 (1 (1 (1 
A67 Arochlor 1242 1 (1 (1 (1 (1 
A68 Arochlor 1248 1 (1 (1 (1 (1 
A69 Arochlor 1264 1 (1 (1 (1 (1 
A81 Aroch I or 1281 1 (1 (l (1 (1 

A21 ArNnic 6 (5 (6 (6 (6 (6 

A21 Mercury 1.1 (1 .1 (1 .1 (I. J (1 . 1 (1 .1 
A22 S.l,niu• 5 (5 (6 (6 (6 (6 

A23 Thal I iu• 6 (6 (6 (6 (6 (6 
A61 Lead 5 (6 (6 (6 (6 (6 

C89 TDC (Toh I Organic Carbon) 4H 1111 433 868 782 
C71 Cyan id, 11 (11 (11 11 .6 (11 (11 
C77 Perchlorate 11N (11N (11N (11N (lHI (1111 
C78 Sulfide 11N (11N (11N (llH (11N (11H 

CBI ANon i u• Ion 61 (61 (61 (61 (51 

C81 Et.hyten, Clycot 11 PF• (11 PP' (11 PP' (11 PP' (11 PP' (11 pp• 
C87 Cit.ru• Red llH (llN (llN (llN (11N (lffl 

H18 TC (T ot.1 I Carbon) 21H 14868 18213 26481 14298 15718 . 
H42 TOX (Tot.al Organic Halogen) 11 (11 (11 31 .2 24 .9 



TABLE 8.7. (contd) 

Detection 88351 88353 88355 88357 88359 
Analytical Li • it Byers Lndg SI id, S11p Ringold Priest Rapid Richland 

Code Co• pound (ppb) Irr Rtn Irr Rtn Rivtr Pu•phouse 

---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
739 PCB Analysis 

A54 Aroch I or 1118 4 (1 (1 
ASS Aroch I or 1221 1 (1 (1 
ASS Aroch I or 1232 1 (1 (1 
A67 Arochlor 1242 (1 (1 
ASS Aroch lor 1248 (1 (1 
A59 Aroch I or 1264 (1 (1 
ASI Aroch I or 1281 (1 (1 

A21 ArNnic 6 5 (6 8 (6 (6 
A21 Mercury 1.1 (1 .1 (1 . 1 (1 .1 (1 .1 
A22 S.leni1111 6 (6 11 5 (5 (6 
A23 Thalliu• 6 (6 (6 (5 (5 (5 
A51 LH~ 5 (5 (5 (5 (5 (5 
C89 TDC (T~tal Organic Carbon) 28H 2111 2511 1281 1272 
C71 Cyanide 11 (11 (11 (11 (11 (11 
C77 Perch I orate 1111 (1111 (1111 (1111 (1111 (1111 
C78 Sulfide 1111 (1111 (lffl (1111 (llN (1111 
cu Aa•oniu• Ion 61 (61 (61 (SI (SI (61 
cu Ethylene Glycol 11 ppa (11 ppa (11 ppa (11 ppa (11 ppe (11 ppa 
C87 Ci~rua Red llff (llff (111111 (llff (llff (1111 
H18 TC (Total Carbon) 2111 41771 399215 47291 13321 14113 
H42 TOX (Total Organic Halogen) 11 28 12 14 (11 (11 



TABLE B.7. (contd) 

0.t.ect.ion 88386 88318 883111 88328 88322 
Analyt.ical Li • it. RM 3.3 RM II .II RM 11.8 RM 14 .6 RM 14 . 6 

Code Coapound (ppb) Spring Spring Spring River Spring 

---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
736 IC Report. 

C72 Ni t.rat.e 5tt 87N 28838 22H (6H (611 
C73 Sulphat.e 6888 3811H 35878 138H 11147 13117 
C74 Fluoride 511 (511 (SH (SH (6H (611 
C76 Chloride 6111 87lt 18711 11111 851 1113 
C78 Phoaphat.e 1111 (11111 (1111 (1111 (1111 (1111 

0.t.ect.ion 88328 88331 88332 88333 88335 
Analyt.ica l Li • it. RM 27 .76 RM 27 .26 RM 27 .6 RM 28 .1 RM 28 .1 

Code Coapound (ppb) Spring Spring Spring River Spring 

---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
736 IC Report. 

C72 Nit.rat.• 5tt 22117 8383 12713 312111 31141 
C73 Sulphat.e 61H 14872 24787 33411 38641 38381 
C74 Fluoride 511 (SH (SH (6H (6H (511 
C75 Chloride 6Ht 11142 41199 8311f 11241 11111 
C78 Phoaphat.e lHt (llH (1111 (lHt (lHt (1111 

Detect.ion 88338 88338 88341 88341 88342 
Analytical Li • it. RM 28 .5 RM 2.5 RM 38 .26 RM 38 .8 RM 41.6- .8 

Code Coapound (ppb) Spring Spr ing Spring Spring Spring 

---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
735 IC Report. 

C72 Nit.rat.• 511 28288 Bit 26437 131111 4884 
C73 Sulphate 5111 31481 1811ff 283411 31831 21814 
C74 Fluoride 6H (611 (511 (6H (611 (611 
C75 Chloride 6Ht 7151 8H 111981 11511 77lt 
C78 Phoaphat.e lHt (llH (lHt (111;1 (llH (lffl 



TABLE B.7. (contd) 

Dtt.ect.ion 88343 88344 88348 88348 88349 
Analyt.ic.al Li • it. RM 42 .1 RM 42 .1 RM 42 .1 RM 42 .3 RM 43 .8 

Cod• Co• pound (ppb) Spring River Spring Spring Spring 

---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
736 IC Report. 

C72 Nit.rat.• SH 21468 2149 1897 9183 91118 
C73 Sulphat.e SIN 47341 17271 17423 18321 14861 
C74 Fluoride SH (SH (SH (SH (SH (SH 
C76 Chloride SIN 16421 8921 76N 13471 2573 
C78 Pho1ph1t.• llH (llH (llH (llH (llH (llH 

O.t.ec:t. ion 88361 88363 88366 88367 88369 
Analyt.ical Li• it. By• ra Lndg SI id• Sffp Ringold Priqt. Rapid Richland 

Cod• Co• pound (ppb) Irr Rt.n Irr Rt.n River Pu• phoua• 

---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------
736 IC Report. 

C72 Nit.rat.. SH 15831 62321 11796 (SH 654 
C73 Sulphat.e SIN 51871 2381H 83781 11338 11812 
C74 Fluoride SH (SH (SH (SH (SH (511 
C75 Chloride YH 13681 42371 16811 896 1119 
C711 Phoaphat.• llH (llH (llH (llH (llH (llff 




